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(57) 

Hcnorib30BaHkie: TexHonorna 

MMKpOSneKTpOHHblX npn6opOB. TeXHMHeCKkIM 

pe3yribTaT 3aKruoMaeTcfl b co3flaHnn AeweBoro 
rn6Koro KpynHOMaciuTa6Horo npon3BOACTBa 

3/ieKTpMMeCKMX CX>eflMHeHHV^ B TOHKOrtJieHOMHblX 

CTpyioypax. CymHOCTb: b MaTpHije, 
coflepwameii ABa nnn 6onee wiaTepnanoB b 
npocTpaHCTBeHHO oTAexibHbix CTpyicrypax 
waTepnanoB, Ka>KAaa CTpyioypa iwaTepna/ia 
o6ny^aeTCfl H3nyMeHneM c 3aAaHHofi 

klHTeHCMBHOCTbK) M/WIH M3CTOTHOM 

xapaKTepucTMKoPi, aAanTuposaHHbiM k peaioiUM 
MaTepnana Ha kisnyMeHne, npimeM u3/iyMeHne 
npocTpaHCTBeHHO MOAyTiwpyeTCH comacHo 
onpeAeneHHOMy npoTOKony, KOTopbifi 



npeACTaBJineT 3apaHee onpeAeneHHyio 
KOHcfwrypaijuK) aneicrponpoBOAfliUHx nnn 
nonynpoBOAHMKOBbix cTpyicryp b KOHKpeTHofi 
CTpyioype MaTepkiana, n b OTBeT Ha o6nyMeHne 
b CTpyioype MaTepnana co3AaK>Tcn AByiviepHbie 
aneiaponpoBOAfliMne mw no/iynpoBOAHMKOBbie 
CTpyicrypbi c npeABapwTenbHo onpeAe/ieHHofl 
KOHCfwrypamiefi, nocpeACTBOM nero 
cJxjpMnpyeTca MaTpnua, cocTOflmayi m CTpyrryp 
MaTepnanoB c 3jieiaponpoBOA«iMMMH min 
nonynpoBOAHMKOBbiMki TpexwiepHbiMM 
CTpyiaypaMH. Taiwe npeAnoxceHbi cnoco6bi 
yHMMTo>KeHM« aneKTponpoBOAamwx win 
nonynpoBOAHUKOBbix CTpyicryp npMBeAeHHoro 
Bbiiue Tuna. 5 c u 32 3.n.4w!bi, 14 un. 
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(54) METHOD FOR PRODUCING THREE-DIMENSIONAL ELECTRICITY CONDUCTING OR SEMICONDUCTING 
STRUCTURES AND METHODS FOR DESTROYING THEM 



(57) Abstract: 

FIELD: microelectronic devices. 
SUBSTANCE: each material structure 
incorporated in matrix having two or more 
materials in spatially separated structures 
is irradiated with rays of preset strength 
and/or frequency response adapted to 
material response to radiation; rays are 
spatially modulated according to definite 
protocol presenting predetermined 

configuration of electricity conducting or 
semiconducting structures in particular 
material structure and two-dimensional 



conducting or semiconducting structures of 
predetermined configuration are produced in 
material structure in response to radiation 
to form matrix of material structures with 
three-dimensional conducting or 

semiconducting structures. Methods for 
destroying electricity conducting or 
semiconducting structures of above-mentioned 
type are also proposed. EFFECT: reduced cost 
of large-scale production of electrical 
junctions in thin-film structures. 37 cl, 20 
dwg, 9 ex 
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H3o6peTeHne othocmtca k cnocooy 
KOM6nHaunn aneiaponpoBOAfliMHX m 
noxiynpoBOAHMKOBbix TpexMepHbix CTpyicryp b 
cocraBHOM MaTpni^e, coAepwametf ABa mjim 
6o/iee MaTepManoB, ooecneneHHbix b 

npOCTpaHCTBeHHO OTAe/lbHblX M OAHOpOAHblX 

crpyioypax MaTepManoB, b kotopwx MaTepnanw 
b OTBeT Ha noAawy GHeprnn MoryT noABepraTbca 
onpeAe/ieHHbiM o>M3MMecKMM n/nnn XMMMHecicMM 

H3MeHeHHflM COCTOflHMfl, KOTOpbie Bb!3b!BatOT 

nepexoA ot sneiopMHecw HenpoBOAflmero 
coctohhmh k 3/ieKrpnMecKn n po boah L146 My kl/MriM 
nonynpoBOAHHKOBOMy coctohhmio vinn 
Hao5opoT, urin u3MeHeHne b pewMMe 
3/ieiapMMecKOM npoBOAMMOCTM MaTepnana, 
npmeM KaacAafl CTpyioypa MaTepMana 
Bbino/iHeHa b o>opMe tohkmx cnoes nyTeM 
o6"beAHHeHna AByx m/im 6onee cnoeB b 
cnoncTyjo MHorocnofiHyio CTpyioypy, KOTopaa 
o6pa3yeT cocTaBHyio MaTpnuy c KOM6nHai^ne^ 
3neKTponpoBOA«iMnx n/nnn 
no^ynpoBOAHUKOBbix TpexMepHbix cTpyicryp, npn 
stom MHorocjioMHan crpyioypa cx>3AaeTca nyTeM 
noc/ieAOBaTeribHoro oca>KAeHMH AByx win 
6onee c/ioeB b KOHCf)nrypaunio CTonKM Ha 
Hecymefi noAno>KKe. H306peTeHne othocmtch 
TaiOKe k cnoco6y 0opMnpoBaHM« KOM6MHai4MM 
sjieicrponpoBOAHLMnx n nonynpoBOAHMKOBbtx 
TpexwiepHbix dpyicryp b cocTaBHOM MaipuL^e, 
coAepwamefi A^a nnn 6onee MaTepManoB, 
o6ecneHeHHbix b npocrpaHCTBeHHO OTAenbHbix n 
oahopoahux crpyioypax MaTepnanoB, npH^ewi 
waTepnanbi b OTBeT Ha noAany 3Heprnn mop/t 
noABepraTbCfl onpeAeneHHbiM cpmrnecmM 

M/HJin XMMHMeCKMM M3MeHeHMHM COCTOHHMfl, 

KOTopwe Bbi3biBaK)T nepexoA ot sneiopMnecKM 
HenpoBOAHLi^ero coctoahmh k sneiopMHecKM 
npoBOAfliMeMy h/hjim nonynpoBOAHMKOBOMy 
coctohhuk) win Hao6opoT, nnn M3MeHeHne b 
pe>KMMe sneiopMMecKOM npoBOAMMOCTM 
MaTepMana, npM stom Ka>KAafl CTpyKTypa 
MaTepMana Bbino/iHeHa b (popMe tohkmx cnoeB 
nyieM o6"beAHHeHkm AByx mjih 6onee cnoeB b 
cnoncTyK) MHorocnoRHyio CTpyioypy, KOTopaa 
o6pa3yeT cocTaBHyK) waTpnt^y c KOM6MHaL4Mefi 
sneiaponpoBOAniMMX n/nnn 
nonynpoBOAHMKOBbix TpexwiepHbix CTpyicryp, 
npMMeM MHorocnoi^Hafl CTpyioypa co3AaeTCfl 
nyTeM HanoweHMfl AByx mjim 6onee 
caMonoAAep^^saioiAMxcfl cnoeB b 
KOH0nrypai^nK) CTonKM. KpoMe Toro, 
n3o6peTeHne othocmtch k cnoco6y 

Cf)OpMHpOBaHHH KOM6mH3I4MM 

sneiaponpoBOAWu^nx m/hjih 
nonynpoBOAHMKOBbix TpexMepHbix CTpyioyp b 
cocTaBHovi MaTpnue, coAepxamert ABa nnn 
6onee MaTepnanoB, o6ecne^eHHbix b 
npocrpaHCTBeHHO OTAenbHbix m oAHopoAHbix 
cTpyicrypax MaTepManoB, npuMew Marepnanw b 
orBeT Ha noAany SHeprvin MoryT noABepraTbca 
onpeAeneHHbiM <pmmecxv\M n/nnn XHMvmecKHM 

M3MeHeHHflM COCTOBHMH, KOTOpbie BbI3blBaK)T 

nepexoA ot sneiopMMecKM HenpoBOAamero 
coctohhmh k sneicrpHMecKH npoBOAfliMeMy m/h/im 
nonynpoBOAHHKOBOMy coctorhhk) mjih 
Hao6opoT, htim n3MeHeHne b pe>KMMe 
snexTpkiHecKOM npoBOAHMOcTn MaTepna/ia, npH 
stom CTpytcrypbi MaTepnanoB BbinoriHeHbi b 
4>opMe tohkhx c/ioeB nyTeM o6-beAHHeHM« AByx 
unw 6onee cnoeB b cnoncTyio MHorocnoviHyjo 
CTpyKTypy, KOTopafl o6pa3yeT cocTasHyio 
MaTpm^y c KOM6nHaL^nei^ 3neKTponpoBOAflmnx 
n/nnn nonynpoBOAHMKOBbix TpexMepHbix 
cTpyKryp, npvmeM MHorocno^Haw CTpyKTypa 
co3AaeTcn nyTeM nocneAOBarenbHoro 
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ocaxASHMfl AByx win 6onee cnoeB b 
KOHcJ)Mrypaunio cTonKH Ha Hecymefl noAno^Ke, 
mvi nyTeM HanoweHkm AByx kinn 6onee 
caMonoAA©P>KviBaioinnxcfl cnoeB b 
KOHCt>Mrypai4MK) CTonKH. Hso6peTeHne TaiOKe 
OTHOCHTCfl k cnoco6y yHHHTO>KeHM« KOM6nHaqnn 
sneKTpvmecKM npoBOA^iMux n/nnn 
nonynpoBOAHMKOBbix TpexMepHbix cTpyioyp, 

CC})OpMMpOBaHHblX B COCT3BH0R MaTpHLje, 

coAep^amei^ ABa HnM 6onee MaTepvianoB, 
o6ecneHeHHbix b npocrpaHCTBeHHO OTAenbHbix m 
OAHopoAHbix cTpyKTypax MaTepnanoB, npMMeM 
MaTepnanbi b OTBeT Ha noAany sneprviM MoryT 
noABepmyTbcn onpeAeneHHbiM cf)H3HMecKviM 

H/Hnkl XMMHMeCKVIM M3MeHeHMflM COCTOHHH«, 

KOTopwe Bbi3biBaioT nepexoA ot snetcrpHMecKM 
HenpoBOAfltMero coctorhhh k sneiapvinecKM 
npoBOAfliAeMy n/nnn n ony n po boah m KOBOMy 
coctohhhk) winn HaooopoT, HnM H3MeHeHMe B 
pex<viMe sneicrpHMecKOM npoBOAMMOCTM 
MaTepwana, npvi stom Ka)KAafl CTpyKTypa 
MaTepMana coAepwHT c0opMnpoBaHHyio 
KOHC^MrypauviK), no cyiAecTBy, AByMepHbix 
sneKTponpoBOAfliMHX n/nnn 
nonynpoBOAHMKOBbix CTpyioyp, 
npeACTasneHHbix onpeAeneHHbiM npoTOKonoM, 
npMMeM KOM6MHauMfl sneiaponpoBOAfliAMX M/MnM 
nonynpoBOAHMKOBbix TpexMepHbix CTpyicryp 
Mower 6biTb cosAaHa 3aHOBO b wiaTpMLje nocne 

yHMMTO)KeHMfl CTpyKTypbl, CO>OpMMpOBaHHOM c 

Mcnonb30BaHMeM cnoco6a, 3anBneHHoro b 
nio6oM M3 nyHKTOB c})opMynbi M3o6peTeHM« 
13-27, m cornacHo ApyroMy onpeAeneHHOMy 
npoTOKony aha AByMepHbix 
sneiaponpoBOAfliAMX M/nnM 
nonynpoBOAHMKOBbix CTpyioyp b Ka>KAo^ 
CTpyKType MaTepManoB. H3o6peTeHMe TaiOKe 
othocmtc« k cnoco6y nonHoro yHMHTOxeHMfl 
kom6mh3l^mm sneicrpMHecKM npOBOAflli|MX M/MnM 
nonynpoBOAHMKOBbix TpexMepHbix CTpyKryp, 

C0OpMMpOBaHHblX B COCTaBHOf^ MaTpMLte, 

coAepxau^eM ABa MnM 5onee MaTepManoB, 
o6ecneneHHbix b npocrpaHCTBeHHO OTAenbHbix m 
OAHopoAHbix cTpyicrypax MaTepManoB, npMMeM 
MaTepManu b OTBeT Ha noAa^y aHeprMM MoryT 

nOABepraTbCfl 0M3MMeCKMM M/MnM XMMMHeCKMM 
M3MeHeHMflM COCTOHHMH, KOTOpbie Bbl3blBaK)T 

nepexoA ot sneicrpMnecKM HenpoBOAfliM ero 

COCTOWHMR K sn eKT pM HeCKM npOBOA^Li^eMy M/MnM 
nonynpoBOAHMKOBOMy coctoahmk) MnM 
Hao6opoT, MnM M3M6HeHMe b pe>KMMe 
sneinpMHecKOfi n po boam m oct m MaTepMana, npM 
stom KOM6MHai4MR sneKTponpoBOAfliMMX M/MnM 
nonynpoBOAHMKOBbix rpexiwepHbix CTpyicryp 
MO>KeT 6biTb cosAaHa 3aH0B0 b MaTpMi^e nocne 

yHMMTO>KeHMfl CTpyKTypbl, CQ>OpMMDOBaHHO^ C 

Mcnonb30BaHMeM cnoco6a, 3anBneHHoro b 
nio6oM M3 nyHKTOB cf)opMynbi M3o6peTeHM^ 
13-27, m cornacHo ApyroMy onpeAeneHHOMy 
npoTOKony An« AByMepHbix 

3neKTponpoBOA«iMMX M/MnM 
nonynpoBOAHMKOBbix CTpyicryp b Ka>KAO^ 
CTpyicrype MaTepwanoB. 

Bonee KOHKpeTHO HacTOflinee M3o6peTeHMe 

OTHOCMTCfl K n pO M 3 BO ACTBy AByMepHbtX M 
TpeXMepHblX M30nMpyK)ll4MX, pe3MCTMBHblX, 

npoBOA«iMMX M/MnM nonynpoBOAHMKOBbix 
KOHcf)MrypaL^MM m CTpyicryp Ana Mcnonb30BaHMfl b 
aneicrpoHHbix cxeMax, KOTOpbie nau^e Bcero 

COCTOHT M3 OAHOTO MnH HeCKOnbKMX Hano>KeHHbix 

cnoeB tohkmx nneHOK. 

Pa3BMTMe MMKDOSneKTpOHHO^ TexHonorMM 

noKa3biBaeT ycTo^MMByio TeHA©HL(Mio k 

yMeHbllJeHMK) Da3MepOB M CHWKeHMK) CTOMMOCTM 

npMoopoB. BnonHe oSocHOBaHHbie npomo3bt 
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noKa3WBaK)T, mto xapaKTepMCTMKii 6yflyT 
ynymuaTbCfl, b to BpeMn kbk nena 6noKa win 
ycTpo^CTBa 6yAeT cHM>KaTbcn. Oah3ko 

HblHeilJHflfl MHKp03JieKTpOHHa« TeXHOJlOrMfl 

ocHOBahta, no cymecTBy, Ha KpncTan/iHMecKOM 
KpeMHun n nponB/weT Bee B03pacTa»omyK) 
TeHfleHi^M^o k yweHbweHviK) oTAanM, b ochobhom 

BBKfly OrpaHMMeHM^, CBn3aHHb!X CO CJlOXCHOCTbK) 

nuTorpacpnn CBepxBbicoicoro pa3peweHun n 
B03pacTaK)iMMWH Tpe5oBaHMflMn k o6pa5oTKe 
MaTepna/ioB. SKCTpanojiflijMn cymecTBytomMX 
rexHOJiorvift, ocHOBaHHbix Ha KpncrajinnMecKOM 
KpeMHun, He MoaceT npeflBeunaTb pe3Knx 

npopbJBOB B OTHOLUeHMM K3K XapaKTepHCTHK, TaK 

n L^eHbi, m 6yflyiMne ycoBepweHCTBOBaHMn 
noTpe6yioT Becbiwa KannTanoeMKnx 
npon3BOACTBeHHbix npeflnpuHTki^ m 
npon3BOAcreeHHoro o6opyAOBaHnn. 

C APyrO^ CTOpOHbl, C BblCOKOl* 

BepoRTHOCTbio mohcho npeAnonaraTb, mto 
mm KposneKTpoHUKa , ocHOBaHHan Ha TexHonorun 

TOHKMX n/ieHOK, HaBepHRKa M0>KeT 6blTb 

ncnonb30BaHa Ann co3AaHHn b 6nn>KaCiujeM 
6ynyu\eui npoAyKTOB, npeACTaB/inioinMx co6ofi 
AeficTBMTenbHbitf npopbiB KaK b othoidohmm 
xapaKTepMCTMK, TaK m LjeHbi. llepexoA ot 
KpHcrajinnMecKnx HeopraHMHecKMX 

nOfiynpOBOAHHKOB K MMKpOKpMCTa/VMMeCKMM, 

nojinKpncTannnMecKviM v\m aMopcfcHbiM 
HeopraHMMecKMM wim opraHnnecKnM 
nonynpoBOAHnKaM bboaut nojiHOCTbio HOBbie 
rpaHnHHbie ycnoBun M^KposneicrpoHHOM" 
TexHonorun, b nacTHoc™, BcneACTBne 

B03MO)KHOCTM MCnOJlb30BaHHfl 33r0TOB0K, 

kiMeioiMnx KOscJxfcMUMeHTbi cfcopMbi, 
C00TBeTCTByK>mne 6onbwuM nnomaAflM, T.e. 
noAno)KKM woryT npeACTaBnnTb co6om 6onbume 
nnacTnHbi BMeoro nnacTMHOK, Bbipe3aHHbix M3 
3aroTOBOK orpaHHMeHHoro pa3Mepa, m 6onbwyjo 
rki6K0CTb b OTHOiueHHki apxnTeKrypbi, hto M0)KeT 

CTaTb CyiMeCTBeHHblM <t>aiCTOpOM B OJKMAaSMOM 

pa3Bu™n coBpeMeHHOM aneicrpoHHO^ 
TexHonorun. B HacTonmeM M3o6peTeHnn 
oco6biK aKueHT 6yAeT CAenaH Ha 
ncnonb30BaHMM opraHkmecKnx MaTepnanoB, 
6/iaroAapfl npocTOTe mx o6pa6oTKn BBHAy 
ncnonb30BaHnn 6onbiunx nnomaAefi m 
MHorocnoMHbix 3aroTOBOK c tomho 
KOHTponnpyeMoft tojilumhom, a Taxwe 6naroAapn 
mx 6ojibiuoMy noTeHL4nany Ann co3AaHnn 
xnMnnecKUM cnoco6oM waTepna^OB c 
we/iaeMbiMM CBOftcTBaMM. 

B nacTHOCTH, npe)KA© ^©m ncnonb30BaHne 
3neiapoHHKn, ochob3hhom Ha awopcpHbix 
MaTepwajiax, cMoweT peann30BaTb oxcviAaeMbiv^ 
ot Hee noTeHi^nan, TpeGyioTca Aono/iHUTenbHbie 
ycoBepiueHCTBOBaHnfl b onpeAeneHHbix 
o6;iacTflx. B nocneAHkie roAbi 6binn 
npeAnpuHHTbi ycuriHfl Ann yjiymueHMn 
nonynpoBOAHMKOBbix cbomctb opraHnnecKHx 
nonynpoBOAHMKOBbix TOHKonneHOHHbix 
MaTepnemoB, KOTopbie Aanu cyi^ecTBeHHoe n 
6biCTpoe ynyHiueHMe xapaiaepucTHKn 
TpaH3ncTopa ao tom CTeneHM, npM KOTopoi^ 
TpaH3ncTopbi Ha opraHkMecKofi ocHOBe MoryT 

K0HKypkipOB3Tb C TpaH3HCTOpaMM Ha OCHOBe 

aMopc{)Horo KpeMHMW (cm. , HanpMMep, Y.-Y. 
Lin, D.J. Gundlach, S.F. Nelson, T.N. 
Jackson, "Pentacene-based Organic Thin Film 
Transistors", IEEE Transactions on Electron 
Devices, August 1997). flpyrwe pa3pa6oTKM 
nanpaaneHbi Ha co3AaHne mctoaob HaHeceHnn 
TOHKormeHOHHbix noxpbiTu^ b i4ejinx co3AaHna 
nonynpoBOAHMKOB M3 opraHMMecKoro BeinecTBa 
unn aMopc|)Horo KpeMHun npki hh3kvix 
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TeiwnepaTypax, o6jiaAa»OLHnx coBMecTMMOCTbio 
c ujMpoKMM Anana30HOM opraHMMecKvoc n 
HeopraHnMecKMX MaTepnajioB noAno>KKM. 3to 
npMBeno k pa3pa5oTKaM oneHb AeujeBbix 
a^eiapoHHbJX npn5opoB c 6onbWMMM 
nnomaARMM Ha ocHOBe Mcnonb30BaHnn MeTOAOB 
KpynHOMacurra6Horo npon3BOACTBa. 

HecMOTpn na Tarae pa3BMTne TexHonorun, 
no-npe>KHeMy oTcyTCTByeT yAOBneTBopvrre/ibHoe 
peiueHne, KOTOpoe no3BO/in/io 6bi npncnoco6nTb 
TexHonorviio npon3BOACTBa Ann o6ecneMeHnn 
AeiueBoro rn6Koro KpynHOMaciiiTa6Horo 
npon3BOACTBa anejapnnecKnx coeAMHeHvm b 
TOHKonneHOHHbix CTpyicrypax, o6pa3yioiAMX 
sjieKTpoHHbie cxeMw. B HacToninee Bpeiwin 
TOHKonneHOMHbie npn6opbi ocHOBaHbi Ha 
aiwopct)HOM KpeMHun m BbinojiHflioTCfl c 

TOKOnpOBOA«lMHMM AOpO)KKaMM M 

npoBOAHMKaMM, n3roToaneHHbiMM no wa6noHy 

TpaAMUklOHHblMM CnOC06aMM, T3KMMM K3K 

nnTorpacf>nfl n BaxyyMHan MeTaruiM3aqnfl. 
ITocneAHnCi cnoco6 paHee npMMeHnncn TaioKe k 
cxeMaM Ann nonynpoBOAHMKOBbix 
TOHKon/ieHOHHbix npn6opoB Ha opraHHHecKOfi 
ocHOBe (cm. HanpMMep, A.R. Brown et al. 
"Logic gates made from polymer transistors 
and their use of ring oscillators". Science 
270: 972-974 (1995)). A/ibTepHaTMBHO 
Mcnonb30Banacb TpacfcapeTHa* nenaTb c 
npoBOAflmefi KpacKOM Ann M3roToaneHM« 
TpaH3MCTopoB Ha tm6kmx noriMMepHbix 
noAno>KKax (cm., HanpMMep, F. Gamier et al., 
"All-polymer field-effect transistor 

realized by printing techniques". Science 
265: 1884-1886 (1994). Xota nMTorpacjHin 
MoweT o6ecneHMTb Bbicoxyto pa3peLuaioi^yK) 
cnoco6HOCTb, OHa cpaBHMTeribHO cno>KHa m 
O6blMH0 BioiKDHaeT 3Tanw >kmakocthom 
xnMnnecKOM o6pa6oTKM, KOTopbie 

HexenaTenbHbi b ujMpoKOMacujTa5HOM 
npoM3BOACTBe MHorocnoi^Hbix opraHMnecKnx 
TOHKon/ieHOHHbix cTpyioyp. Tpacf>apeTHafl 
nenaTb c KpacKOfl Taicxe AaneKa ot MAeanbHoK, 
nocKOJibKy OHa o6ecnenMBaeT pa3peLLiaK)i4yK) 
cnoco6HOCTb ot ManoM ao yMepeHHOM, co BceMM 
HeAOCTaTKaMM, npMcyu^MMM xviakoctho^ 
XMMMMecKOM o6pa6oTKe. 

B KanecTBe npMMepa M3BecTHoro cnoco6a 
MO>KeT 6biTb TaKKe ynoMHHyT naTeHT CLUA 
5043251, b kotopom onMcaH cnoco6 
TpexMepHO^ nMTorpactJMM aMopcpHbix 
nojiMMepoB Ann cosAaHMn KpaTKOBpeMeHHoi^ 
nocTonHHOM KOHcJ)Mrypai4MM b noriMMepnoM 
MaTepMane, BKnio^aioiAM^ 3Tanw o6ecneneHMn 
nerMpoBaHHbix HeKpMCTa/uiMHecKMx c^ioes mjim 
nneHOK nonnMepa b ycToC^HMBOM aMopcfcHOM 
cocTonHMM b yc/ioBMnx MCn0Jlb30BaHMn pyMHbix 
onepai^M^. npM npoM3BOACTBe CTpyioyp n/ieHKa 
wacKMpyeTcn onTunecKM m noABepraeTcn 
o6nyHeHMio nepe3 MacKy c AOCTaTOHHOM 

MHTeHCMBHOCTbK), HT06bl Bbl3BaTb a6^ni^MIO 

SKcnoHMpoBaHHbix ynacTKOB, TaK hto b n/ieHKe 

C)D0pMMpyeTCn OTHeTJlMBbJ^ TpeXMepHbIM 

OTnenaTOK. 3tot cnoco6, b MMc/ie nponero, 6bm 
npeAno>KeH Ann Mcnonb30BaHMn b 
npoM3BOACTBe onTMMecKoro amck3 Ann xpaHeHMn 
AaHHbJX. H3 naTeHTa CLUA 5378916 MSBecTHO 

Ct>OTOMyBCTBMTeJlbHOe yCTpO^CTBO B cJ)opMe 

MOHOKpMCTannMMecKOM cTpyioypbi, B KOTopoft 
pa3Hbte nacTM orpyiaypbi MoryT MMeTb pa3Hbivi 
cocTaB. B nacTHOCTM, 3Ta cTpyioypa o6pa3yeT 
AByMepHbift MaccMB, m nepBbiR 
($oTOHyBCTBMTenbHbi« ynacTOK coAepKMT 
MaTepMan, KOTopw^ co3AaeT 

3neKTpoHHO-AbipOHHbie napbi noA B03AeMCTBneM 
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cBeia b npeAe/iax npeABapwenbHO 
onpeAeneHHoro nepBoro A^anasoHa atihh bojih, 

B TO BpeMH KBK APyrofi 0OTOMyBCTBHTeJlbHblPi 

yMacTOK coAep>Ki4T MaTepuan, o6ecneHMBa»omnfi 
coaAaHwe aneiapoHHO-Awpo^Hbix nap noA 
B03Ae«CTBneM CBeTa b Apy° M Anana30He ahmh 
bojih, b AOCTaTOMHOM CTeneHU OTnuMatoii^eMCfl 
ot nepBoro Anana3ona ahmh bohh. Kpowe Toro, 
H3 naTeHTa CLLIA 5677041 M3BecTHO 

TpaH3HCTOpHOe yCTpOfiCTBO, H3rOTOBJieHHOe 

nyTeM 0opMnpoBaHHfl nerupoBaHHoro cnoa 
MyBCTBHTexibHoro k M3nyMeHnio Maiepnama Ha 
noAno>KKe. MyBCTBHTeribHbiM k HsnyneHMK) 
MaTepnanoM MOweT 6biTb, b Hwcne npoMHX, 
nonuMMMA, nonnMep, opraHHMecKnfi fluanejapnK, 
npoBOAHHK unw nonynpoBOAHHK. noAnotaca 
MOweT 6biTb BbJnonHeHa us KpeMHua, KBapua, 
apceHMAa rannun, cTeiaia, KepaMwcH, weTanna 
hjim nonnaMMAa. HefiTpanbHbifi win 
HejiervipoBaHHbifi cnofi APyroro 

HyBCTBMTenbHoro k M3nyMeHHK> MaTepnana 
c|x)pMMpyeTCfl Ha nerupoBaHHOM cnoe. nepBaa 
m BTOpaa o6nacTM ncTOKa/cTOKa 3aTeM 
ct>opMnpyioTCfl b He^TpaiibHOM cnoe h 
paciunp«K>Tcn k BepxHefi qacTki nerupoBaHHoro 
cnon. 06nacTb 3aTBopa cfeopMkipyeTca b 
BepxHevi MacTn He&TpanbHoro cjioh Me>KAy 
nepBOfi o6nacTb»o HCTOKa/cTOKa u BTopofi 
06/iaCTbK) MCTOKa/CTOKa, TaK mto o6nacTb 

KaHsma b nerupoBaHHOM cnoe o6ecneMMBaeTCfl 
noA o6nacTbHD 3afBopa. SneicrpoAbi 
MCTOKa/croKa n 3aTBopa, cct)opMnposaHHbie 
nyTeM o6nyMeHMfl caworo sepxHero 
He^TpanbHoro cnoa Mepe3 Maocy, cf>opMwpyiOTCfl 
b cooTBeTCTBHH c wenaeMOfi (fcOpMOfi 
aneiapoAa, n MacKa peann3yeTCfl TaK, mto oHa 
MOAynnpyeT no hht6hchbhoctm w3nyMeHne. 
Kpowe Toro, MacKa MoweT 6biTb peann30BaHa 
K3K <4>a30CABMrai0Luafl MacKa. 

H3BecTeH nonesoB Mflf"}-TpaH3ncT0p 
(noneBOft TpaH3MCTop co CTpyKTypoft 
Merann- ah sn etcrpn K-n ony n po boah h k) , 
nonHocTbK) peann30BaHHbitf b nonnMepe m c 
wcnonb30BaHneM nonHwiepHbtx MaTepwanoB, 
KOTopbiM npuflaHbi wenaeMbte aneicrpHMecKHe 
CBofiCTBa nyTeM BOSAeficTBUfl 
ynbTpacfcuoneTOBoro (Y<t>) oSnyneHHH (cm. 
"Polymeric integrated circuits and 
light-emitting diodes" D.M. de Leeuw & al., 
IEDM, CTp. 331-336 (1997)). B npon3BOACTBe 
ncnonb3yeTCfl ctxrroxHMMMecKoe 
CTpyKTypupoBaHMe nernpoBaHHbix 
aneiaponpoBOAfliUKX nonnaHnnHHOBbix nneHOK, 
TaK Ha3biBaeMbix PANI tohkhx nneHOK. FLneHKn 
pacTBop«K)TCR b cooTBeTCTByioLneM pacTBope, 
nocne Mero k pacTBopy Ao6aBnaeTCR 
0OTOHHHL4naTop, KOTopbifi 6bin oca>KAeH Ha 
cooTBeTCTBytomyK) noAno^Ky, TaKyio iok 
nonviHMHAHafl nneHKa. nyTeM nocneAyiomero 
rny6oKoro oGnyneHUH PANI nneHKM Y<i> nynaMw 
Mepe3 MacKy nepBonananbHO npoBOAflmwfi 
nonnaHnnnH npeo6pa3yeTCR b o6nyMeHHbix 
o6nacTflx b HenpoBOAflinyio 
ne^K03MepanbA^iHOByK) qbopMy. HcxoahoH 

TOMKOtf 3AeCb COOTBeTCTBeHHO HBnfleTCfl 

npoBOAfliUHfi nonnMepHbiM MaTepnan, KOTopbiM 
MMeeT noBepxHOCTHoe conpoTkiBneHne 
nepBOHananbHO 1 KOM/KBaApaT, ho nocne 
o6nyMeHMH ero noBepxHOCTHoe conpoTUBneHHe 
CTaHOBMTcn 6onee neM 10 13 OM/raaApaT. TaicuM 
o6pa30M MoryT 6biTb co3AaHbi A^sneKTpMMecKMe 
CTpyKTypw b MaTpMt^ax, HBnnioinnxcfl b mhwx 
ycnoBMHx npoBOAHiM^MH. Onr.1 noKa3biBaeT 
Mfln-TpaH3ncTop, onMcaHHbiii b pa5oTe 
Leeuw & al., coAep>KaimiM nonnuMMAHyio 
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noAnoaocy 1 c PANI tohkoA nneHKofi, KOTopafl 
nocne o6nyMeHnn V<t> nsnyMenneM Mepe3 
noA^OA«u4ne MacKM o6pa3yeT n3on«mioHHbie 
cTpyioypbi 6 b TOHKonneHOHHOM MaTep^ane 3, 
KOTopwB b npoTHBHOM cnyMae RBnaeTca 
npoBOA^iMUM. OdaioLnnecfl npoBOA^mne 
o6nacTM 3 b PANI nneHKe onpeAenfiiOT 

COOTBeTCTBeHHO SneKTpOAbl MCTOKa n CTOKa 

noneBoro Mnfl-TpaH3MCTopa. rioBepx PANI 
nneHKM oca>KAaeTCfl AononHMTenbHbiB cnofl 4 b 

CjXDpMe TOHKO^ fineHKVI H3 

nonnTH3HnneHBHHnneHa (PTV), KOTopwvi 
BBnfieTCfl opraHnqecKkiM nonynpoBOAHkiKOBbiM 
MaTepnanoM. 3tot cnofi 4, no cymecTBy, 
onpeAenweT aneiapuMecKne napaMeTpw 
noneBoro M{1fl-TpaH3MCTopa. QneHKa 5 us 
nonMBUHnnQbeHona (PVP), KOTopaR cJ)opMnpyeT 
n3on«Top 3aTBopa TpaH3ncTopa ki 
HenpoHMu,aeMa Ann H3nyneHHfl n BMAHMoro 
CBeTa, oca>KAaeTCR na PTV nneHKy 4, flpyra« 
PANI nneHKa CHOBa oca>KAaeTCR noBepx PTV 
nneHKM 5 n noABepraeTca oOnyneHMio YO 
nynaMU nepe3 uja6noH An« 4)opMnpoBaHnn 
M3onkipyK)u4HX cTpyioyp 6. OcTaBUjawcfl 
3neKTpnnecKH npoBOA^iMan oSnacTb 2 o5pa3yeT 
onejapoA 3aTBopa CTpyioypbi noneBoro 
Mnfl-TpaH3HCTopa. 

Ecnn HeCKOnbKO TpaH3HCTOpOB 

BbiujeynoMflHyToro Tuna Aon>KHbi 6biTb 
o6"beAHHeHbi b MHTerpanbHbix cxeMax, 
BbinonHeHHbJX b qt>opMe MHorocno^Hbix 
nneHOMHbix CTpyicryp, Aon>KHbi ncnonb30BaTbcw 
BepTMKanbHbie TOKonpoBOAwu^Me aopohckm, 
HanpuMep, Mewy aneicrpoAaMn MCTOKa m ctok3 
b oahom TpaH3MCTope h DneKTpoAOM saTBopa B 
ApyroM TpaH3ncTope. TaKMe BepTHKanbHbie 

TOKOnpOBOARl^Me AOpO>KKM MOryT 6blTb B 

npuHunne peanvi30BaHbi MexaHnnecKH, 
HanpuMep, nyTeM ocaxAenktfl MeTannHMecKoB 
nneHKM noBepx BepTMKanbHO BbiTpaBneHHbix 
cTyneHeK b cTpyioype. flpyroe noAo6Hoe 
peujeHne coctomt b ncnonb30BaHnn 
MeTannM3npoBaHHbix ckboshwx OTBepcTufi b 
cxeMHbix nnaTax Ana peann3auMM 
BepTMKanbHoro coeAMHeHkia Me>KAy 
TOKonpoBOAfliU^MM AopoKKaMM Ha BepxHeM M 
Hn>KHeM cTopoHe cxeMHOM nnaTbi. 

3aAaHeK HacTOfli^ero M3o6peTeHMH 
RBnneTCfl <x»3AaHne cnoco6oB M3roToaneHMfl 
npoBOAfliUHX coeAHHeHM^ m aneicrpoAOB b 

MMKp03neKTp0HHblX KOMnOHeHTaX, B MaCTHOCTM B 

MMKposneKTpoHHbix npn6opax c 5onbiiJMMM 
noBepxHOCT^Mki Ha rn6KMX noAno>KKax, c 
ncnonb30BaHneM npoi^eccoB, KOTopwe 
xapaKTepn3yioTCfl ujMpoKOMaciuTa6HbiM 

PI POH3 BOACT BOM npM HH3KOM CTOMMOCTkl. B 

MacTHocTM, saAaMefi n306peTeHM« «BnneTc« 
C03AaHne tbkmx cnoco6oB M3roTOBneHkifl 
MHorocno^Hbix c})M3MMecKMX npn6opoB, 
HanpuMep, b q>opMe 6onbiuoro KonvmecTBa 
coceAHMX Hano>KeHHbix oamh Ha APyroB 
TOHKonneHOMHbix cnoeB, o6pa3yK)iAnx 
TpexMepHbie cTpyioypw cxeMbi. HacTOflU4ee 
M3o6peTeHne, t3khm o6pa30M, o6ecneMHBaeT 

rVl6KOCTb H OKOHOMUHHOCTb, M B TO >Ke BpeMfl 
npOCTOTy M BblCOKyK) TOMHOCTb npOM3BOACTBa 

T3KMX ycTpo^cTB, KaK nnocKMM AMcnnefi, 
nornnecKne cxeMbi, ycrpoMCTBa naMHTu mn. 

TaioKe 3aAaMe£i HacToniMero n3o6peTeHkifl 
flanaeTCfl cosAaHne cnoco6a yHMMTO>KeHHfl 
TaKMX TpexMepHbix cxeMHbix CTpyicryp, MTo6bi 
MaTepwan b cTpyicrypax npeo5pa30BbiBancfl 
o6paTHO b nananbHoe ncxoAHoe cocTOHHvie, 
nocne nero oh 3aHOBO mo)k&t 6wTb 
peKOH0kirypnpoBaH b cf>opMy 
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3JieKTponpoBOAfliM^x h/hjih 
nonynpoBOflHUKOBbix TpexMepHbix cTpyiayp, ho, 
HanpuMep, c APyrofi KOH0nrypai4H6M mtim Apyrofi 
crpyiaypOM, otjiumhom ot nepBOHananbHOM. 

BbiujeynoMflHyTbie npn3HaKM w 
npenMyu^ecTBa cor/iacHo nepsoiwy acneicry 
HacTO«mero w3o6peTeHHH pea/iH30BaHbi c 
noMombio cnocooa, omuMaiounerocH co3AaHnewi 
KOwSnHauuM AsyMepHbix sneicrponpoBOAfliUHX u 
no/iynpoBOAHUKOBbix cTpyioyp b cnoe cpa3y we 
nocne oca>KfleHHfl cnoa Ha noAno>KKe hjim 
coceAHeM cnoe h a° ocawAeHHH cneAyiomero 
cnoa Ha nepBOM ynoMAHyTOM cnoe, nyTeM 
oonyneHkm Ka>KAoro cnoa n3JiyMeHneM c 

3aAaHHO^ MHTeHCMBHOCTblO HX1M M3CTOTHOM 

xapaKTepucTHKO^, aAan™poBaHHbiMH k 
onpeAeneHHo« peaKi^MM Marepna/ia Ha 
sHeprwo, o6ecneMHBaeMyK> o6nyHeHkieM, 
npocTpaHCTBeHHO^ MOAy/iai^efi n3nyMeHHH b 
KawAOM cnynae comacHO onpeAeneHHOMy 
npoTOKony, KOTopbifi npeAcraBrmeT 3apanee 
onpeAeneHHyk) KOHcf)nrypaijnio 
aneicrponpoBOAHmnx w nonynpoBOAHUKOBbix 
crpyicryp b paccMaTpHBaeMOM cnoe, 
nocpeACTBOM nero b cooTBeTCTBMM c sHepniefi, 
o6ecneMMBaeMO^ nanyMeHweM, b cnoe 
co3AaeTCfl KOM6nHaun« AByMepHbix 
aneiaponpoBOAfliM^x h nonynpoBOAHMKOBbix 
crpyicryp c KOHcJwrypaLiHew, 3apaHee 
onpeAeneHHoii npoTOKonoM, TaK mto co3AaeTca 
cocTaBHa^ MaTpHi^a, c<J)opMnpoBaHHafl 
OTAenbHbiMM coceAHUMH cnoflMH c 
K0M6nHai\nett AsyMepHbix sneicrponpoBOAfliUKx 
m nonynpoBOAHUKOBbix CTpyiayp, c nonyneHneM 
KOM6nHai^nn aneKTponpoBOAfli^nx m 
nonynpoBOAHUKOBbix TpexMepHbix CTpyicryp. 

ComacHO nepsoMy acneicry M3o6peTeHUfl 
aneiapoMarHMTHoe n3nyHeHne, ucnonb3yeMoe 
Ana o6nyMeHMfl npeMMymecTBeHHO Bbi6npaeTCfl 
M3 oAHoro win 6onee M3 cneicrpanbHbix 
Anana30HOB raMMa-nynefi, peHTreHOBCKWx 
nynetf, ynbTpacfwoneTOBoro n3nyHeHHH t 
BMA^Moro CBeTa, wHcf)paKpacHoro n3nyMeHna n 
MMKposonH, nnn n3nyMeH^e sneMeHTapHbix 
qacTMi^ atiw o6nyneHMR Bbi6npaeTCfl us OAHoro 
unu 6onee U3 cneAyioinnx mnoB Maoris, a 
HMeHHb aneMeHTapHbix nacTnu, BK/iioHaR 
npoTOHbi, Hei^TpOHw mjim sneicrpoHbi; mohw, 
Moneicynbi win arperaTHbie nacTni^bi 
Mafepnana. 

ComacHO nepsoMy acneicry n3o6peieHHfl 
npocTpaHCTBeHHa« Mopynnuyw n3nyneHHfl 
npeMMyiMecTBeHHO ocymecTBnfleTCfl b 
nnocKOCTM, no cyi^ecTBy, napannenbHofi cnoio, 
nocpeACTBOM Macicvi, wa6noH KOTopofi 
BbinonHeH comacHO onpeAeneHHOMy 
npoTOKony, npuMeM MacKa MOflynkipyeT 
MHTeHCHBHocTb n/wnn tpasy HanyHeHna, 
naAaioiAero Ha Hee, Ana co3AaHMfl K0M6nHaLinn 
aneKTponpoBOA^L^MX n nonynpoBOAHUKOBbix 
cTpyicpyp b cnoe, win npocipaHCTBeHHo 
MOAyn^pyeT n3nyneHne b nnocKoc™, no 
cymecTBy, napa/inenbHofi cnoio, nyTeM 
KOHijeHTpaijkiu nanyHeHnw b nyM c pa3MepaMn, 
cpaBHUMbiMM c pa3MepaMH aneKTponpoBOA^iMux 
n nonynpoBOAHUKOBbix CTpyicryp, n CKaHnpyeT 
cnofi nyMOM, KOTopwii MOAy-nnpy^TCfl no 
nHTeHcuBHOCTH comacHO onpeAeneHHOMy 
npoTOKony Ann co3AaHna KOM6nHai^nM 
AByMepHbix aneKTponpoBOAfliMUX m 
nonynpoBOAHUKOBbix CTpyioyp b cnoe. 

ComacHO nepBOMy acneKTy HacTowi^ero 
M3o6peTeHH« OAHa nnn 6onee AByMepHbix 
sneiaponpoBOAfliA^x n nonynpoBOAHUKOBbix 
CTpyicryp b cnoe npenMyii^ecTBeHHO 
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4>opMnpyK>TCH TaK, MTo6bi ynoMAHyTafl 
CTpyicrypa nnn cTpyioypbi comacHO npoTOKony 
coBnaAanM c oaho^ nnn 6onee AByMepHbiMH 
sneiaponpoBOA^iMMMH n/nnn 
nonynpoBOAHMKOBbiMM CTpyicrypaMH, 
co3AaHHbiMM b coceAHeM, yxe oca>KAeHHOM 
cnoe, nocpeACTBOM nero co3Aa»oT oahh wnn 
6onee BepTMKajibHbie sneiaponpoBOAHiAne 
M/nnn nonynpoBOAHMKOBwe KaHanw, 
npoxoA«iM>^e b nonepeHHOM HanpaBneHHH Mepe3 
3th cnon. 

BbiiueynoMRHyTbie npn3HaKM n 
npenMyu4ecTBa comacHO BTopoMy acneKTy 
HacTonmero n3o6peTeHnn peann30BaHbi c 
noMoi^bio cnoco6a, OTnnMaK)ii^erocfl 
cJ)opMwipoBaHMeM KOM6kiHai^Mvi AByMepHbix 
3neiaponpoBOAHU4HX m/hjim 
nonynpoBOAHUKOBbix CTpyioyp b cnoe ao Toro, 
KaK stot cno^ Hano>KeH Ha coceAHMft cnofl, 
o6nyHeHkieM Kaworo enow nsnyneHneM c 

A&HHOM HHTeHCMBHOCTbKO UTIM MaCTOTHOfl 

xapaKTepucTMKoR, aAanTupoBaHHbiMM k 
onpeAeneHHOM peaKUMM MaTepnana Ha 
3Heprnio, o6ecneHHBaeMyK> o6nyH6HneM, 
npocrpaHCTBeHHOfl MOAyTiwi^nn ii3nyneHHH b 
Ka>KAOM cnynae comacHO onpeAeneHHOMy 
npoTOKony, KOTopbi^ npeACTaBnneT 
npeABapMTenbHO onpeAeneHHyio KOH(})MrypaL4M»o 
sneicTponpoBOAniAUX n/nnn 
nonynpoBOAHUKOBbix CTpyicryp b stom cnoe, 
nocpeACTBOM nero b cooTBeTCTBUM c SHeprwefi, 
o6ecneMHBaeMofi M3JiyHeHneM, b cnoe 
0opMnpyeTCfl KOM6nHaL(Hfl AByMepHbix 
3neiaponpoBOA«iMnx n/nnn 
nonynpoBOAHUKOBbix CTpyicryp c 

KOH4)nrypai4neM, npeABapMTenbHO 
onpeAeneHHOM npoTOKonoM, b pe3ynbTare nero 
cfcopMHpyeTCfl cocTaBHaa MaTpnua, 
cc}>opMnpoBaHHan cnoweHneM BMecTe 
OTAenbHbix cnoeB c AByMepHWMM 
3neKTponpoBOAflLi4MMM n/nnn 
nonynpoBOAHMKOBbiMH CTpyicrypaMH, c 
KOM6nHaL^ne^ sneiaponpoBOAflLUnx n/nnn 
nonynpoBOAHUKOBbix TpexMepHbix crpyicTyp. 

ComacHO BTopoMy acneicry M3o6peTeHHfl 
sneicrpoMarHHTHoe ManyneHne, kicnonb3yeMoe 
Ann o6nyMeHHfl, npeAnoMTHTenbHO Bbi6npaeTCfl 
H3 OAHoro win 6onee M3 cneKTpainbHbix 
Anana30Hos raMMa-nyHefl, peHTreHOBCKHx 
nyne^ , ynbTpac|)MoneTOBoro M3nyMeHnn, 
BHA^Moro CBeTa, nHcf)paKpacHoro nanyneHUfl m 
MMKpoBonn, nnn nanyneHne HacTi^ Ana 
o6nyHeHMfl Bbi6npaeTC« M3 OAHoro unu 6onee H3 
cneAy»oinnx TkinoB nacTui^, a nMeHHo 
sneMeHTapHbix MacT^m, BKnionafl npoTOHbi, 
Hei^TpoHbi mjim sneiapoHbi; hohw, Moneicynbi nnn 
arperaTHbie MacTMUbi MaTepnana. 

ComacHO BTopoMy acneicry M3o6peTeHMfl 
npocTpaHCTBeHHyio MOAy/i^UHio n3nyMeHHJi 
npenMymecTBeHHO ocymecTBnsioT b nnocKOCTn, 
no cyu^ecTBy, napannenbHov^ cnoio, 
nocpeACTBOM MacKki, tua6noH kotopom 
BbinonHeH b cooTBeTCTBkiki c onpeAeneHHbiM 
npoTOKonoM, npuneM MacKa MOAynnpyeT 
nHTeHCMBHOCTb h/wih ct>a3y naAaioiMero Ha Hee 
HanyneHHfl Anfl co3AaHHjR KOMSHHai^nvi 
3neKTponpoBOARU4nx n/nnM 
nonynpoBOAHUKOBbix CTpyicryp b cnoe, v\m 
npocTpaHCTBeHHo MOAy/i^ipyeT nanyneHMe b 
nnocKOCTM, no cyu^ecTBy, napannenbHO^ cnoio, 
nyTeM KOHLjeHTpaijuH nanyneHUfl b nyn c 
pa3MepaMn, cpaBHUMbiMM c pa3MepaMM 
sneicrponpoBOAfliMHx h/mjim 
nojiynpoBOAHMKOBbix CTpyioyp, n CKaHnpyeT 
cnoi^ nynoM, KOTopbift MOAyiiMpyeTCR no 
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MHTeHcuBHocTM cornacHo onpeAeneHHOMy 
npoTOKony Ann cosAaHna KOM6nHauMM 
ABywiepHbix 3/ieKTponpOBOAH»MMX H/HJ1H 

nonynpoBOAHUKOBWX dpyiayp b cnoe. 

CornacHO BTopoMy acneicry M3o6peTeHun 
no3Mi4MOHMpoBaHne cnon npn HanoweHMM Ha 
coceAHufi cnotf npenMyu^ecTBeHHO 
ocymecTannioT TaK, mo6bi oAHa nnn 6onee 
AByMepHbix 3/ieiaponpoBOAfliMnx n/nnn 
nonynpoBOAHMKOBbix crpyicryp b nepsoM 
ynoM«HyTOM cnoe comacHo npoTOKony 
coBnaAa/in c oahom wjim 6onee AByMepHbiMM 
aneicrponpoBOAfliMnwn n/nnM 
no/iynpoBOAHMKOBbiMn CTpyioypaMH b coceAHMX 
cnonx, b pe3ynbTaTe Mero cfcopMMpyioTcn oamh 
nnn 6onee BepTMKanbHbie sneicrponpoBOAniuMe 
m/hjih nonynpoBOAHMKOBbie KaHanbi b 
nonepeHHOM HanpaB/ieHnn nepe3 3TH cnon. 

HaKOHei^, BbitueynoMflHyTbie npn3HaKM n 
npeMMymecTBa cornacHo TpeTbeMy acneicry 
HacToa i^ero M3o6peTeHnn peann30BaHbi c 
noMOUibK) cnoco6a, oniMHaioiAerocn co3AaHkieM 
KOM6nHai4HM AByMepHbix 3JieKTponpOBOAfliAHX 
u/Mnn nonynpoBOAHUKOBbix dpyiayp b cnoe 
nocne ocaweHMH Bcex cnoeB b KOH(J>Mrypai4Mio 
cTonKM Ha nc-AnoKKe hjim nocne HanoweHMn 
Bcex cnoeB b KOHcjDnrypai^nK) cronKn, nyTeM 
o6nyneHMn OAHoro win 6onee, ho He Bcex 
cnoeB b KOHC{)nrypaqMn CTonKM M36npaTenbHO, 
MTo6bi cx)3AaTb sneicrponpoBOAntAMe n/nnn 
nonynpoBOAHMKOBbte cipyKTypbt b 
paccMaTpnBaeMOM Bbi6paHH0M cnoe unn cnonx, 
He Bbi3biBaa peaKL\nn b ocTanbHbix cnonx, 
npMMeM KaxAbii^ cnofl o6nyMaeTcn M3nyMeHneM 

C 3aAaHH0tf MHTeHCMBHOCTblO MnM HaCTOTHOM 

xapaKTepncTMKOM, aAaninpoBaHHbfMM k 
onpeAeneHHOid peaiajMn Maiepnana Ha 
SHeprwo, o6ecneMHBaeiviyK) o6nyMeHneM, m 
n3nyneHne n pocT pa HCTBe h h o MOAynupyeTcn b 
Ka>KAOM cnyMae comacHo onpeAeneHHOMy 
npoTOKony, KOTopbifl npeAoraBnneT 
npeABapnTenbHO onpeAeneHHyio KOHCfcwrypaijMio 
sneiaponpoBOAnmnx n/nnn 
nonynpoBOAHUKOBbix CTpyicryp b 

paccwiaTpMBaeMOM cnoe, nocpeACTBOM Mero b 
cooTBeTCTBMM c aHeprnen, o6ecneHHBaeMOM 
nsnyneHHeM, b cnoe co3AaioTcn AByMepHbie 
sneicrponpoBOAHiMne n/nnn 
nonynpoBOAHnKOBbie cTpyicrypbi c 

KOHQbMrypatjnefi, onpeAeneHHotf npoTOKonoM, b 
pe3ynbTaie Mero co3AaeTcn cocTaBHan 
MaTpML^a, ccpopMnpoBaHHafl Ha6opoM 
OTAenbHbix coceAHnx cnoeB c ABywepHbiMM 
sneiaponpoBOAHiAHMH n/nnui 
nonynpoBOAHMKOBbiMn cTpyicrypaMn, 
o6pa30BaHHa« sneKTponpoBOAnmnMM n/nnn 
nonynpoBOAHMKOBbiMn TpexMepHbiMn 
crpyKTypawn. 

ComacHo TpeTbeMy acneKTy M3o6peTennn 
sneKTpoMamnTHoe K3nyHeHne, ncnonb3yeMoe 
Ann o6nyHeHnn, npeAnoHTHTenbHo Bbi6npaeTcn 
M3 OAHoro nnn 6onee ms cneicrpanbHbtx 
Anana30HOB raMMa-nyMefi, peHTreHOBCKnx 
nyMen, ynbTpacJwoneroBoro n3nyMeHnn, 
BMAHMoro CBeTa, HHCfrpaKpacHoro nanyMeHMn n 
MwcpoBonH, vim nsnyneHne MacTni4 Ann 
o6nyHeHM« Bbi6npaeTCH W3 OAHoro nnn 6onee M3 
cneAytoiAMX tufiob MacTnu, a nMeHHO 
sneMeHTapHbix MacTni^, BicnKwan npoTOHbi, 
HeMTpOHbi nnki sneiapoHbi; HOHbi, Moneicynbi nnn 
arperaTHbie MacTMi^bi M3Tepnana. 

ComacHo TpeTbeMy acneicry M3o6peTeHkin 
npocTpaHCTBeHHan MOAynni^nn n3nyMeHnn 
npeMMymecTBeHHO ocyiAecTBnneTcn b 
nnocKOCTn, no cyu^ecTBy, napannenbHovi cno»o, 
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nocpeACTBOM msckh, iua6noH KOTopoft 
BbtnonHeH comacHo onpeAeneHHOMy 
npoTOKony, npvmeM MacKa MOAynnpyeT 
nHTeHcnBHOCTb n/nnn c£a3y naAaiomero Ha Hee 
nsnyMeHun Ann co3AaHnn K0M6nHai4MM 
sneiaponpoBOAniAnx n/unn 
nonynpoBOAHMKOBWx CTpyicryp b cnoe, nnn 
npocTpaHCTBeHHO MOAynnpyeT nanyMeHMe b 
nnocKocTH, no cymecTBy, napannenbHo^ cnoK), 
nyTeM KOHuempaijnn MsnyMeHnn b nyM c 
pa3MepaMH, cpaBHHMbiMM c pa3MepaMH 
sneiaponpoBOAniMux n/nnn 
nonynpoBOAHUKOBbix CTpyioyp, n CKaHMpyeT 
cnofi nyMOM, kotopw^ MOAynnpyeTcn no 
MHTeHcnBHocTH comacHo onpeAeneHHOMy 
npoTOKony, Ann co3AaHi*n KOM6nHaL\MM 
AByMepHbix sneiaponpoBOAniunx n/nnn 
nonynpoBOAHUKOBbix CTpyioyp b cnoe. 

CornacHO TpeTbeMy acneicry u3o6peTeHnn 
Bbi5op OAHoro unn 6onee cnoeB Ann coaAaHnn 
sneiaponpoBOAnu^nx n/nnki 
nonynpoBOAHUKOBbix CTpyicryp 
npeAnoMTnTenbHO ocymecTBnneTcn nyTeM 
o6nyneHnn Bbi6paHHoro cnon win cnoeB 
M3nyHeHneM c onpeAeneHHbiMn 

xapaicrepkicTnKaMn n3nyneHnn unn 3aAaHH0^ 
MOLqHOCTbK), npnneM Bbi6paHHbiii cnofi unn cnon 
cfcopMnpyioT M3 MaTepnanoB, KOTopwe 
pearnpyioT Ha OAHy nnn 6onee H3 
xapaiaepncTnK n3nyMeHnn, n/nnn Ha woii^HOCTb, 
unit Ha wx KOM6nHaunio. 

CornacHO TpeTbeMy acneicry Hacronu^ero 
M3o6peTeHnn cnei4ncf)HMecKHMM 
xapaKTepncTkiKaMn kisnyseHnn 
npeAnoHTMTenbHO nannioTcn MHTeHCkiBHOCTb 
n/nnn nacTOTa; oamh nnn 6onee cnoeB Ann 
cosAaHnn sneiaponpoBOAniM^x n/nnn 
nonynpoBOAHUKOBbix CTpyicryp 
npeAnowTMTenbHo Bbi6npaiOTcn Ann o6nyHeHnn 
3neKTpoMamnTHbiM M3nyMeHneM Ha AByx wnu 
5onee MacTOTax nnn b AByx nnn 6onee 
Anana30Hax AnnH BonH, TaK mto6u o6nyneHne 
Ha AaHHOft MacTOTe nnM a3hhom A^ana30He 
AnMH Bonn BbisbiBano peaKu;nio b oahom nnM 
6onee, ho He bo Bcex cnonx. 

CornacHO TpeTbeMy acneicry M3o6peTeHkin 
TaiOKe npeAnowTMTenbHO 3apaHee AoGaBnnioT 
OAHy \/\m 6onee npkiMeceR, Koropwe MMeioT 
cneiapanbHoe nornou^eHne Ha AaHHOfi MacTOTe 
Mnn b A3HH0M Anana30He AnMH BonH, k 
MaTepnany b oahom wnn 6onee cnonx, MTo6bi 
Bbi3Barb peaKi4Hio Ha n3nyneHne Ha ashhom 
nacTOTe nnn b ashhom A^ana30He Annn Bonn, 
nocpeACTBOM Mero no MeHbwetf Mepe ABa cnon 
b KOHCfwrypaijuu CTonKM cpopMHpyioTcn c 
B33MMHO pa3HbiMki cneKTpaMM nornou^eHvin n 
sneiaponpoBOAnunan n/nnn nonynpoBOAHMKOBan 
CTpyicrypa b cnoe cpopMMpyeTcn nyTeM 
nornou^eHvin n3nyMeHnn b npuMecn nnn 
npMMecnx b cnoe, o>opMnpyn L\eHTpw pea^nn, 

KOTOpbie Bbi3blBaiOT H3MeHeHHe b 

sneiaponpoBOAHOCTM win pe>KHMe 
npoBOA^MocTM MaTepnana cnon, nnn 
4)opMnpyeTcn sneiaponpoBOAnman n/nnn 
nonynpoBOAHMKOBan CTpyicrypa b cnoe nyTeM 
nornomeHMn ManyneHnn b npMMecM MnM 
npMMecnx, BbisbiBan HarpeBaHvie c 
nocneAyioiMMMM n3MeHeHMnMM b 
sneiaponpoBOAHOCTM MnM pe>KMMe 
npoBOAHMOCTM HarpeToro MaTepwana cnon. 

CornacHO TpeTbeMy acneicry M3o6peTeHnn 
sneicrponpoBOAni^Me m/wim 
nonynpoBOAHMKOBbie CTpyicrypbi b AByx MnM 
6onee cnonx npeAnoMTMTenbno c}x)pMMpyioTcn b 
no3ML4Mnx, rAe OAHa nnn 6onee 
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aneia ponpoBOA^LHne n/nnn 
nonynpoBOAHMKOBbie CTpyicrypbi comacHO 

npOTOKOfiy COOTBeTCTBeHHO o>opMMpyioT oahh 

htim 6onee BepTUKanbHbix aneKTponpoBOAnmMx 
ulmu nonynpoBOflHUKOBbix KaHanoB b 
nonepeMHOM HanpaBneHMn nepe3 enow b 
K0HcJ)Mrypai4nn cTonKM, a saieM 
npeAnomnTe/ibHO c>opMMpyeTcn comacHO 
npoTOKony sneicrponpoBOAnman u/nnn 
no/iynpoBOAHMKOBafl crpyicrypa, KOTopan 
ct>opMMpyeT BepTHKanbHbift KaHan Mepe3 cnofi 
COOTBeTCTBeHHO sneicrponpoBOAnmeMy h/hjim 
no/iynpoBOAHMKOBOMy coeAHHeHnio c oahoA wva 
6onee AByMepHbiMn sneiaponpoBOAnmMMM 
h/ww nonynpoBOAHMKOBbiwin cTpyioypaMU b 
stom cnoe. npeAnoMTMTe/ibHO Ka>KAbi« icaHan 
4>opMMpyeTC« c sneicrponpoBOAHOCTbio mjim 

peHCMMOM npOBOAHMOCTH, KOTOpbie nOCTOflHHbl 

Ann pas/inMHbix cnoeB, win c 

3/ieKTDOnpOBOAHOCTblO H pe>KMM0M 

npOBOAKMOC™, KOTOpbie H3MeH«K)TC« OT Cnon K 

cnofo. 

BbtiueynoMflHyTbie npn3HaKM m 
npeHMymecTBa pea/iH30BaHbi cornacHo 
HacTonmeMy M3o6peTeHMK> b cnoco6e 
yHMMTOKeHUfl cctxjpMnpoBaHHoi^ CTpyicrypbi, 
KOTopbiM xapaKTepn3yeTCfl oonyMeHMeM Ka>KAOM 
cTpyicrypbi MaTepMana nsjiyweHneM aaAaHHofi 

MHTeHCMBHOCTH H/HJ1M MaCTOTHOM 

xapaiaepucTHKM, aAanTMpoBaHHbix k 
onpeAeneHHOM peaKi^nn MaTepMana Ha 
3HeprnK>, o6ecneHMBaeMyio n3nyMeHueM, m 
npocTpaHCTBeHHO^ MOAynmiMeR M3nyMeHMn b 
Ka)KA0M cnynae comacHO npoTOKony, KOTopwfi 
npeACTasnneT cfiopMMpyeMyio KOHcJwrypaijMio 
sneiaponpoBOAfliMMX m/hjim 
nonynpoBOAHMKOBbix CTpyicryp b 

CTpyicrype MaTepMana, 
nero ABywepHbie 
h/hjih 

nonynpoBOAHMKOBbie CTpyicrypbi, 
npucyTCTByiounne b CTpyicrypax MaTepMana, b 
cooTBeTCTBHH c 3HeprMefi, o6ecneHMBaeMofi 
n3nyMeHneM. yHMHToxaiOTcn comacHO 
npoTOKony, TaK mto MaTepnan CTpyicrypbi 
MaTepMana nocne SToro nonHocTbio nepexoAUT 
b sneicrpviHecKM HenpoBOA*mee cocroPHne. 

B cnoco6e yHMHTOweHMn aneicrpoMarHMTHoe 
M3nyMeHne, ncnonb3yeMoe Ann o6ny4eHMn, 
npeAnoHTHTenbHo Bbi6MpaeTcn m oAHoro mu 
6onee M3 cneicrparibHbix Anana30H0B 
raMMa-nyneM, peHTreHOBOcux nyneM, 
ynbTpact)kiojieTOBoro M3nyneHMn, BMAHMoro 
CBeTa, MH(£paKpacHoro M3nyMeHnn h mukpobotih, 
hum n3/iyMeHne MacTMLj Ann o6nyMeHMR 
Bbi6npaeTcn M3 OAHoro htim 6onee M3 
cneAyioinnx HacTMij, a MMeHHo: sneMeHTapHbie 
nacTHL^bi, BKnionan npoTOHbi, HefiTpoHbi mjim 
sneiopoHbi; mohw, Moneicynbi um arperaTHbie 
nacTHL^bi wiaTepkiana. 

B cnocoSe yHMMTOweHMn comacHO 
n3o6peTeHMio npocTpaHCTBeHHaR MOAynnuMn 
nanyMeHHfl npeAnoHTMTeribHo ocymecTBnneTcn 
b nnocKOCTM, no cymecTBy, napannenbHOM" 
CTpyicrype MaTepMana, nocpeACTBOM MacKM, 
ujaonoH KOTopoii Bbino/iHeH comacHO 
onpeAeneHHowy npoTOKony, npwneM Macica 
MOAynnpyeT HHTencnBHocTb n/nnn 4>a3y 
naAaiomero Ha Hee kisny-ieHMJi Ana 
yHHHTO>KeHHfl sneKTponpoBOAfliM^x h/h/im 
nonynpoBOAHMKOBbix CTpyicryp b CTpyicrype 
MaTepkiana, utim npocTpaHCTBeHHo MOAyrikipyeT 
n3nyMeHne b nnocKocTM , no cymecTBy, 
napanne/ibHOft CTpyicrype MaTepna^a. nyTeM 
KOHL^eHTpai^nM nanyneHHq b nyn c pa3Mepawn, 
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cpaBHHMWMH c pa3MepaMn 3JieKTponpoBOAnLi|HX 
n/nnn nonynpoBOAHUKOBbix cTpyioyp, h 
cicaHMpyeT cno£^ nyMOM, kotopwR MOAynnpyeTCfl 
no MHTeHCMBHocTM comacHO onpeAeneHHOMy 
npoTOKony An« yHHMTo>KeHMn 
3/ieKTponpoBOAfliMnx h/m/ih 
nonynpoBOAHMKOBbix CTpyicryp b CTpyicrype 
MaTepMana. 

Ec/im CTpyicrypbi waTepManoB b MaTpMi^e 

Cf>OpMMpyiOTCfl TOHKMMM CJ10WMM B 

KOHcJwrypauMK) cTonKM, to b cnoco6e 
pa3pyiueHMfl o6nyMaeTCJi oa^h mjim oonee, ho 

He BCe CTIOM MHOrOCJIOflHOM KOHC|3Mrypai^MM 

(CTonKM), M36MpaTeribHO, Ann yHMHTOweHMH 
ajieiaponpoBOAflu^eM m/mjim nonynpoBOAHMKOBOM 
CTpyicrypbi b Bbi6paHHOM paccMaTpMBaeMOM 
cnoe MJiM cnoflx, He Bbi3biBan peaKi^MM b 
ocTanbHbix cnoHx, m npeAnoMTMTeribHO 
Bw6MpaeTcn oahh mhm 6onee cnoeB Ann 
yHMMTO>KeHMn 3JieKTponpoBOAnii^e^ m/mjim 
nonynpoBOAHMKOBOM CTpyicrypbi nyTeM 
o6jiyneHMfl Bbi6paHHoro cnon mjim cnoeB 
ManyneHvieM c onpeAeneHHbiMM 

XapaKTepMCTMKaMM MnM 3aAaHHO« MOl^HOCTblO, 

npMMeM Bbi6paHHbift cnofi MnM Bbi6paHHbie cnoM 
co>opMMpoBaHbi M3 MaTepMana, KOTopw^ 
pearwpyeT Ha OAHy nnn 6onee M3 xapaKrepucTHK 
Msny^eHMfl M/wnM Ha Mou^HocTb, wnM Ha mx 
kom6m H3 I^M K) . 

HaKOHei^ BbiiueynoMnHyTbie oco6eHHOcTM m 
npeMMyiqecTBa comacHO HacTonu^eMy 
M3o6peTeHMio TaioKe peanM30BaHbi cnoco6oM 
nonHoro yHMMTO>KeHMn, KOTopbiK 
xapaKTepn3yeTcn o6nyneHMeM MaTpMi^bi 
nonHocTbio M3nyneHMeM c 3aAaHHofl 

MHTeHCMBHOCTbK) M/MnM H3CTOTHOM 

xapaicrepMCTMKOM, cooTBeTCTByioiuMMM 
onpeAeneHHO^ peaKi^MM MaTepMana na 
3HeprMio, o6ecneMMBaeMyio MsnyneHMeM ao Tex 
nop, noKa MaTepMan b MaTpMi^e b cooTBeTCTBMM 
c SHeprMei^, o6ecneHMBaeMofi o6nyMeHkieM, 
nonHocTbio He nepeMAeT b sneiapMHecicM 
HenpoBOA«iA©e cocTOflHMe. 

ComacHO M3o6peTeHMio b sto^ cb«3m 
sneicrpoMarHMTHoe M3nyneHMe, McnonbayeMoe 
Ann o6nyMeHMn, npeAnoMTMTenbHO Bbi6npa»OT M3 
OAHoro MnM 6onee M3 cneiapanbHbix 
Anana30HOB raMMa-nyne^ , peHTreHOBCKMX 
nyneK, ynbTpao>MoneTOBoro M3nyMeHMn, 
BMAMMoro CBeTa, nH$paKpacHoro M3nyweHMn m 
MMKpoBonH, unM ManyHeHMe HacTMi^ Ann 
o6nyHeHMn Bbi6MpaeTcn M3 oahoto unw 6onee M3 • 
cneAy»OLAMx TMnoB HacTMU, a MMeHHO 
sneMeHTapHbie MacTMi^bi, BKmonan npoTOHbi, 
He^TpoHbi MnM aneiapoHbt; MOHbi, Moneicynbi MnM 
arperaTHbie HacTMi^bi MaTepMana. 

H3o6peTeHMe noncHnercn Hkwce 6onee 

n0AP06H0 B CBH3M C 0630p0M erO OCHOBHblX 

npMHi4MnoB m c Mcnonb30BaHMew npMMepoB 
ocyiAecTBneHMn, MnniocTpMpyeMbix nepre^aMM, 
Ha KOTopbix npeAcraBneHO cneAyiou^ee: 

0Mr. 1 - noneBOM M(1fl-TpaH3MCTop c 

3neKTpOAaMM, CO>OpMMpOBaHHbltf M3 

c4)OTonpeo6pa3yeMoro MaTepMana comacHO 
npeAwecTByiomeMy ypoBHio TexHMKM, 

cj)Mr. 2a, b, c - cxeMaTMMecican MnniocTpaL(Mn 
3TanoB cnoco6a c}x)pMMpoBaHMn, 
cooTBeTCTByiomero HacroniAeMy M3o6peTeHMio, 

cf)Mr.3 - cxeMaTMHHoe npeACTaaneHMe 
o6"beAHHeHMn caMonoAA©P>KMBaiou4MXcn cnoeB 
b MHorocnoMHyio CTpyicrypy, 

c>Mr.4a - cxeMaTMHHoe npeACTaBneHMe 
Apyroro BapManTa ocymecTaneHMn cnoco6a 
4>opMnpoBaHMn comacHO M3o6peTeHMK>, 

c|)Mr. 4b - cxeMaTMHHoe npeACTaBneHMe 
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cneiaparibHbix peaicqnfi qbOTonpeo6pa3yeMwx 
MaTepna/ioB, ucnonb3yeMbix b BapnaHTe no 
0nr.4a, 

- ceneHHe cjiohcto& MHorocnoflHotf 
CTpyicrypbi, KOTopaa coAepwiT npoBOAauiue unu 
noJiynpoBOAHMKOBbie CTpyicrypbi, 
cxf>opMMpoBaHHbie cnocoSoM cornacHO 
HacronmeMy M3o6peTeHHio ( 

cj)nr.6 - ceqeHwe CTpyicrypbi AnoAa, 
<x}>opMnpoBaHHofl cnoco6oM cor/iacHo 
HacTOflU4eMy M30f5peTeHwo, 

cjjur. 7 - ceneHvie CTpyicrypbi noneBoro MOfl 
TpaH3HCTopa, ccpopMnpoBaHHOM cnococoM 
cornacHO HacroflineMy M3o6peTenwo, 

cj)nr.8 * ceMeHne CTpyicrypbi nornMecKoro 
HHBepTopa Ha ocHOBe CTpyicrypbi noneBoro 
MOn Tpa H3 m cTopa no <£nr.7 u aJ>opMnpoeaHHOM 
cnoco6oM cornacHO HacToameMy n3o6peTeHHK>, 

cfwr. 9 - 3XBHBa/ieHTHafl cxeMa norkmecKotf 
cxeMbi H, peann30BaHH0^ no KMOn 
TexHOJiornn, 

<pw. 10a-d - bma CBepxy cy6cnoeB b 
cTpyicrype norvmecKofi cxeMbi H, co3flaHHotf 
cnoco6oM cornacHO n3o6peTeHHio u cornacHO 
3KBMBaneHTHo^ cxeMe no qbwr.8, c 
ncnorib30BaHMeM CTpyicryp noneBoro MOn 
TpaH3MCTopa, K3K noica3aHHbivi Ha 4>Mr.7, 

o>nr.11 - cTpyicrypa nomnecKOM cxeMbi H no 
o>nr.10 b BMAe cnoweHHofi MHorocnoiiHoPi 
KOHC^Mrypai^nM, ho pa3AeneHHofi Ha cy6cnon, 

4>ur.12 - cxeMaTHMHoe npeACTaB/ieHne 
Apyroro BapnaHTa CTpyicrypbi norunecKoPi cxeMbi 
H no cf)nr.10 n c OTAenbHbiMM KMOn 

CTpyKTypaMM, B33HMH0 COeAHHeHHblMH B 

BepTMKanbHoii KOH4)Mrypai4viM, 

o>nr. 13 - cxeMaTMHHoe npeACTaB/ieHne 
riHHMH M3roToaneHHH MHorocnofiHbix cxewi Ha 
noAnowKe c ncnonb30BaHneM cnoco6a 
cf)opMMpoBaHHH cornacHO HacTOHiMeMy 

M306p9T8HMK), H 

o>nr. 14 - cxewaTMMHoe npeACTaB/ieHne 
cneicrpajibHbix otjoiukob cf)OTonpeo6pa3yewibix 
MaTepnanoB, ncnonb3yeMbix b BapnaHTe no 
cjwr.13. 

Hki>Ke onucaHbi ocHOBHbie npHHi^wnbi 
cnoco6oB cornacHO HacToameMy n3o6peTeHwo, 
nocpeACTBOM kotopwx co3AaK)TCfl TpexMepHbie 
CTpyicrypbi c xopowo onpeAeneHHbiM pe>KHMOM 
m cTenenbio aneicrponpoBOAHocTM nyTeM 
npocTpaHCTBSHHO ynpasnaeMoro 
CTpyicrypnpoBaHMfl Ha MecTe b npeo6pa3yeMbix 
MaTepwanax, uMeioujHX Taicne CBoficTBa, hto v\x 
sneicrpoHHbje cBoficTBa npeo6pa3yioTCfl 
o6paTHMbiw unM Heo6paTMMbiM o6pa30M, noA 
B03AeficTBueM n3nyMeHnn, HarpeBa nnn 
aneiapMHecKnx nonetf. Cnoco6bi cfcopMHpoBaHMfl 
TaKkix cTpyicryp cornacHO HacTOHineMy 

H306peTeHHK) OCHOBaHbl Ha MCnOTlb30BaHMM 

o6nyMeHMfl, nn6o aneicrpoMamMTHbiM 
M3/iyMeHneM, nn6o n3nyneHneM MacTMi^, n Ha 
npaKTMKe sto 03HaMaeT, mto KorAa 
npeo6pa30BaHne npowcxoAHT 6naroAapn 
TermoBbiM sqbcfeeicraM, ncnonb3yeTCH Tenno, 
KOTopoe B03HkiicaeT b MaTepkiane noA 
B03Ae^CTBneM o6nyHeHKH. CHanana 
TpexMepHbie sneicrponpoBOAfliUHe una 
no/iynpoBOAHMKOBbie CTpyicrypbi Moryr 6biTb 
co3AaHbi b bha© AByiwepHbix CTpyicryp 3Toro 
BHAa nyTeM HenocpeACTBeHHoro riOKanbHoro 

B03AeMCTBMfl H3fiyMeHHR Ha OAHHOMHblft CJlOfl, n 

3aTewi TpexMepHafl CTpyicrypa c{)opMkipyeTCfl 
nyTeM 06-beAMHeHnn oahhomhwx cnoeB b 
MHorocnoftHyio CTpyicrypy. KocBeHHO 
3/ieicrponpoBOAHiAMe nnn nonynpoBOAHMKOBbie 
CTpyicrypbi MoryT 6biTb cosAaHbi nyTeM Ao6aBOK, 
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KOTopbie, 6yAyMH CTMMynnpoBaHHbiMM 
o6/iyMeHneM, B03A©^CTByioT Ha npeo6pa3yeMbifi 
MaTepna/i TaK, mto ero sneicrpoHHbte cBo^cTBa 
M3MeHflK)Tcn. B cnynae oAHopoAHbix 
npeo6pa3yeMbJX MaTepnanoB BOSAe^CTBde 

H3JiyMeHM« AO^XHO 6blTb npOCTpaHCTBeHHO 

onpeAeneHO b cooTBeTCTByioine^ TpexMepHOM 
KOHcfcurypauMM. Xota AaHHoe n3o6peTeHne b 
npuHunne npeAycMaTpuBaeT ncnonb30BaHne 
OAHopoAHbix MaTepnanoB, nocneAyioiMee 
o6-bflCHeHne cnoco6a 6yAeT HanpasneHo Ha 
MHorocno^Hwe CTpyicrypbi hjim cnoncTbie 
CTpyicrypbi, rAe TpexMepHaa KOHcf)nrypaL^nn 
3neicrponpoBOAHU4nx nnn nonynpoBOAHUKOBbix 
CTpyicryp pearw3yeTCH 6/iaroAapH pasnnHHofl 
peaKUUki Ha Ae^cTBue H3nyMeHnn b Aeyx win 
6onee oioax npeo6pa3yeMoro MaTepnana, 
KOTopwR cpopMnpyeT Ha6op. flpeo6pa3yeMbi^ 
MaTepnaxi b npuHt^nne ABJifleTcn opraHUMecKUM 
MaTepnaxiOM, HanpuMep MoneKyno^, 
onurowepoM vuiki non^MepoM, b kotopom 
nepexoA 0a3bi H3 HaMa/tbHoro nepBoro 

COCTOHHUfl B HOBOe BTOpOe COCTOflHkie 

nponcxoAUT b oTBeT Ha oGnyneHHe, HanpuMep, 
cBeTOM b AaHHotf nonoce atihh bojih. KaK 
noKa3aHO HiDKe, npeAnonaraeTCR, hto caMoe 
BaxHoe n3MeHenne, nponcxoA«u^ee npn 
nepexoAe M3 nepBoro bo BTopoe cocTOAHMe, 
ecTb cTeneHb 3/ieicrpnHecKOM npoBOA^iMOCTn. B 
nocneAyKDii^eM cnoco6bi 0opMnpoBaHnn n 
yHUMTOxeHun sneicrponpoBOAfliMMX nnn 
nonynpoBOAHHKOBbix CTpyicryp 6yAyT 
paccMOTpeHbi Ha npuMepe c ncnoribsoBaHneM 
npocTpaHCTBeHHO ynpaBJifleMoro o6nyneHHfl 
cnoncTbix win cnoenoAo6Hbix npeo6pa3yeMbix 
06/iyneHneM MaTepna/iOB (nOM). 

fln* nonnMepoB, t3khx KaK nonnaHHJiMH, KaK 
noKa3aHO b BbiiueynoMWHyTOM CTaTbe Leeuw et 
al., Ha6nioAaeTc« oTHOiueHMe npoBOAHMocTefi 
Me>KAy AByMA cocTo«HnaMki nop«AKa 10 10 . B 
stom cnynae penb MAeT o npeo6pa30BaHnn Ha 
MecTe OAHoro cjioa npeo6pa3yeMoro 
o6nyHeHkieM MaTepnana m npoBOAfliAero b 
HenpoBOA^iMee cocTOflHue a^h o>opMnpoBaHM« 
aneiapuMecKnx coeAnneHUM b oahom 
3/ieKTpoHHO« cxeMe. 3xieiaponpoBOAHiAne 
coeAHHeHMw b nernpoBaHHbix no/iMaHkixikiHOBbix 
nneHKax (PAN I nneHKax) onpeAenflioTcn 
B03AePicTBneM my6oKoro V<$> HsnyneHMH nepe3 
Macicy uja6noHa. 

MHorocno^Hap cTonKa pa3riMMHbix 
npeo6pa3yeMbix o6nyMeHneM MaTepnanoB 
MOXceT 6biTb peann30BaHa Ha noAno>KKe, 

KOTOpafl MOM<eT 6blTb rvi6Kofi HJ1M WeCTKOfi, 

npoBOA«iMe^ nnn HenpoBOAHinew, h 
npeo6pa3yeMbiB n3/iyneHneM MaTepnan 
CTaHOBHTC« npOBOA^iMMM, nonynpoBOAflu^MM 
HjiM n3onnpyioii4MM b >KenaeMbix KOHQ>nrypaunflx 
sa cneT kicnorib30BaHkifl oahoii H3 cneAyioiMux 
npoi^eAyp, a HMeHHO jih6o o6nyHeHnn no 
maSnoHy HecKO/ibKinx M3 oahocjio^hwx 
npeo6pasyeMbix o6nyMeHneM MaTepna/ioB c 
nocrieAyioLnetf nnn OAHOBpeMeHHOM 
KOM6MHai^neft cnoeB b MHorocnoPiHbiK Ha6op, 
nn6o Mcnonb30BaHHfl o6rryHeHMn no iua6riOHy 
npeABapnTe/ibHo cxfropMMpoBaHHoro 
MHorocnoi^Horo Ha5opa npeo6pa3yeMbix 
o6nyHeHneM MaTepnanoB (flOM), npuMeM 
pa3Hwe Tunw o6nyMeHHH c pa3HbiMH 
xapaicrepucTHKaMn n3nyHeHnn ncnorib3yioTcn 
TaK, mto ns/iyneHne n36npaTeribHO 
B3anMOAeflcTByeT c oahmm mv< 6onee cjiohmh b 
Ha6ope. MHorocnoi^Hbie CTonKM 

npeo6pa3yeMoro o6nyHeHneM MaTepnana 
npeACTaBriflioT oco6eHHbiki nHTepec b CB«3ki c 
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MHOrOCXIO^HblMH TOHKOn/lSHOMHblMM CXSMSMH, 

r/;e Tpe6yeTca cosAaBaTb sneioponpoBOAfliMMe 
nnHMn, TOKonpoBOA«u4kie flopo^Kn, 
coeA^HHTenbHbje tomkm mjim 3/ieiopoAbi b 
HecKO/ibKnx cnoflx TaK, mo6bi npoBOAfliMne 
CTpyioypbi b oahom c/ioe nwie/in tomho 
ynpaBnseivioe npocrpaHCTBeHHoe nonoweHMe no 
OTHoujeHHK) k npoBOAfliMHM CTpyioypaM b cjiohx, 
KOTopwe pacno/ioaceHbi Bbiiue urn HMwe. Oahmm 
npwviepoM ABJiniOTCfl TOHKonneHOMHbie noneBbie 
TpaH3HCTopbi (TnnT), me sneiapoAbi ncTOKa n 
CTOKa b cnoe ao/dkhw 6bfTb pacnonoaceHbi 
KoppeKTHbiwi o6pa30M oTHOcnTe/ibHO aneiapoAa 

3aTBOpa, M Me>KAy HMMM AO/UKHW 6blTb 

pacnonorceHbi KsonaijMOHHbie m 
nonynpoBOAHUKOBue cjiom. flpyrofi npuMep - 
3/ieiapimecKMe coeAMHeHMH Mea<Ay cjiohmm, rAe 
TpaAHi^MOHHbie peweHHfl bo MHorux cnynaflx 
HBnaKDTCfl HeyAOBJieTBopnTe/ibHbiMM, HanpMMep 
BbinonHeHne p^Aa 3TanoB, Tawx KaK 

4)OpMkipOBaHHe OTKpblTblX KaHanoB mv\ 
CKB03HblX MeJKCOeAHHeHUVI Me)KAy 

noAXOAfliMUMH TOMKaMn, KOTopwe 3aTeM 6yAyT 
aneicrpMHecKM coeAMHeHbi b pa3JiHHHbix cnonx, m 
c cooTBeTCTByjou^HM sanonHeHMeM nnn 
noKpbuneM KaHanoB npoBOAfliMHM MaTepnanoM, 
TaK KaK sto HwieeT MecTO npn McnonbsoBaHMM 

CKB03HblX MeTajinH3MpOBaHHblX OTBepCTH^ B 

cxewiHbix n/iaTax aha nonyneHMH coeAHHeHMi* c 
nepeAHefi k 3aAHetf dopoHe cxcmhom nnaTbi. 
TpeTHM npuMep, sto co3AaHMe koha©hc3 TOpOB 
nyTewi onpeAeneHMH npoBOAHLMMX o6nacTei^, 

KOTOpbie B33HMH0 BbipOBHeHbl APyr 

OTHocHTenbHo Apyra b AByx CflOflX, 
pa3AeneHHbix n3orifli4HOHHbiM c/ioew. 

OMeBHAHO, HTO He TOflbKO BblCXJKOnpOBOAfllHHe, 

ho n HsormijHOHHbie pe3ncTMBHbie v\ 
nonynpOBOAHMKOBbie KOHcJwrypaLjMM b 
MHorocnoPiHbix CTpyKTypax WMeioT 6ojibiuoe 
3HaneHMe. TaK KaK 6yAeT o6"bRCHeHo 6onee 
noAPo6HO b nocjieAyK)ineM, CTpyioypbi 3Toro 
Tuna MoryT 6biTb co3AaHbi nyiewi 
kicnonb30BaHnn cnoco6a 0opMnpoBaHM« 
sjieiaponpoBOAHbix n/kinn nonynpoBOAHMKOBbix 
CTpyicryp nnn KOHcjMrypaLjMM comacHO 
HacToniAeMy M3o6peTeHMK>. 

flna no«CHeHM« BHanane 6yA©T 
paccMOTpeHO, KaKMM o6pa30M 6yAyT 
onpeAen^TbCfl KOHcfwrypaLjMM m TpexMepHbie 
CTpyioypbi, flBnfltomwecfl oneHb xopoujmmm nnn 
oneHb nnoxMMM sneiopMHecKMMM 

n poBO ah ki Ka m u . 

CTpyicrypbi, TaKkie KaK 
npeACTaBJifliOT oco6biPl 
ohm MHTerpupoBaHbi c 
nonynpoBOAHUKaMU a^h 
4>opMnpoBaHHfl nonHbix cxeM. CTaHAapTHbie 
npoLjeAypbi. Mcnonb3yeMbie b HacToamee BpeMH 
Ana npon3BOACTBa MMKposneiopoHHbix cxeM, 
KOTopwe ncnonb3yK)T nonynpoBOAHMKOBbie 

CBOMCTBa o6bNHO& KpeMHMeBOM nOAHO>KKV1, 

aBTOMaTvmecKki orpaHMHUBatoT peann3yeMbie 

apXklTeKTypbl T3KV1M bmaom, KOTOpblfi 

o6ecneMMBaeT AQCTyn k noAno>KKe Ann Bcex 
aKTMBHbix npn6opoB. Ecnn aha co3AaHnn 
sneiaponpoBOAfliMkix unki nonynpoBOAHMKOBbix 
TpexwiepHbix CTpyKTyp ncnonb3yeTc« cnoco6 
comacHO HacTOflineMy n3o6peTeHn»o nyTeM 
HanoweHHA APyr Ha Apyra cnoeB, to ycTpoPicTBa 
b i^enowi MoryT 6biTb co3AaHbi t3kmm o6pa30M 
6e3 KaKnx-/in6o cymecTBeHHbix orpaHvmeHMPi no 
pa3MepaM nnn cno>KHocTM, nocKO/ibKy 
HapaiAHBaHne nponcxoAHT nyTewi 

npucoeAHHeHnw k Ha5opy AononHHTenbHbix 
cnoes. nocKoribKy Ka>KAbiPi cnoPi Mo>KeT 6biTb 



MHorocnoPiHbie 
onkicaHHbie 3Aecb, 
MHTepec, KorAa 

TOHKOn/ieHOMHblMH 
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BbinOJlHeH TOHKMM, HanpMMep, TOJllMUHOi^ 

nopwa 10-100 hm, to nonyMaeiviafl b 
pe3ynbTaTe o6-beMHafl nnoTHocTb CTpyicryp cxeM 
m, cneAosaTenbHO, xapaiaepucTHKa no Becy nnn 
o6i»eMy 6/ioKa, MOJKeT 6biTb oneHb bwcoko^. 
Kpoiwe Toro, MO)KeT 6biTb peann30BaHa 
rw6puAHan apxMTeKTypa c Mcnonb30BaHneM 
cnoeB, KOTopwe BKnioMaioT npeo6pa3yeMbie 
o6nyMeHneM sneiapoHHbie CTpyKfypbi, KOTopwe 
cct>opMMpoBaHbi noBepx AononHHTenbHbix 

SJieKTpOHHbJX CXeM Ha OCHOBe KpeMHMfl M 
4>yHKL\MOHMpyK)T COBM9CTHO C HUMM. 

OchobhoPi 3aAaMei^ HacTOflu^ero 
H3o6peTeHnn nBxineTCfl ct>opMnpoBaHne 
sneiaponpoBOA^iMkix, nonynpoBOAHMKOBbix nnn 
pe3ncTHBHUx TpexMepHbix CTpyioyp B 
MHorocnofiHOM MaTepnane MononnTHoro 
0opMaTa c ncnonb30BaHneM pa3nnHHbix 
npoqeAyp npon3BOACTBa, KOTopwe OTAenbHO 
onkicaHbi HH>Ke. flepBbiM 3TanoM flanfleTCfl 
npeo6pa30BaHne no iua6noHy oAHOcnoPiHoro 
npeo6pa3yeMoro o6nyneHkieM MaTepnana 
(FIOM) c nocneAyiOLMHM o6*beAHHeHneM cnoeB b 
MHorocnoPiHbie Ha6op. MHorocnoPiHbie 
CTpyioypbi mop/t 6biTb ccfxDpMkipoBaHbi b 
npeo6pa3yeMbix o6nyMeHneM MaTepkianax, 
KOTopwe oca>KAaK)Tcfl m o6pa6aTbtBaioTC« 
nocneAOBaTenbHO, KaK Ha6op cnoeB tohkmx 
nneHOK SS1, SS2, SS3 na o6u^ew noAno>KKe 1, 
KaK sto noKa3aHO Ha 0nr.2a, b, c. noAno)KKa 1 
MO>KeT 6biTb >KecTKOM nfiM tm6ko^ nnacTMHoft c 

npOHSBOflbHOki TOnU4HHOM, MJ1M OHa MO>KeT 6blTb 

HenpepbiBHoPi neHToPi, ncno/ib3yeMOM b 
npoi^ecce, peann3yeMOM no npHHquny c 
KaTyuiKU Ha KaTyniKy. B cnyMae npeo6pa3yeMbix 
o6nyMeHneM MaTepnanoB nocneAOBaTenbHwPi 
npoLjecc pea/iMsyeTCH cneAyioii^nM o6pa30M. 
FlepBbiM noKpbiBaK>mnfi cnoPl SS1 
HaKnaAbiBaeTcw Ha noAno>KKy c nocneAyioLi^kiM 
n pocT pa hct Be h h o ynpaBnneMbiM o5jiyMeHneM, 
KOTopaw ct>opMnpyeT npOBOAflmne CTpyioypbi 9. 
06nyMeHne npokiSBOAkiTCfl wepe3 nepByio MacKy 
kinn npocTpancTBeHHbikl MOAynjoop 7a cBeTa 
(flMC). B 3aBMCMM0CTki ot npeABapMTeribHO 
onpeAeneHHbix ycnoBMkl npoi^ecca o6nyMeHkie 
Bbi3biBaeT HenocpeACTBeHHoe npeo6pa30BaHne 
b Apyoe cocTOflHMe npOBOAHMocru hjih co3AaeT 
cKpwToe nsoSpawceHHe, KOTopoe 6yAeT 
npoHsneHo b npot^ecce nocne o6nyMeHHR. 
nocneAHUM STanoM npouecca Mo>KeT 6biTb 
BOSAeftcTBkie noAXOAfliMUMM xnMUHecKHMki 
Beu^ecTBaMM b >kmakom nnn ra3oo5pa3HOM 
coctowhuh, b HeKOTopbix c/iynaflx 
cTHMynnpyeMoe rno6anbHbiM o6nyMeHneM. 
npMMepoM HenocpeACTBeHHoro 
cJ)OTonpeo6pa30BaHHfl M3 npOBOAfliAero b, no 
cyiAecTBy, HenpoBOA«LMee cocTOHHkie 6e3 
3Tana, cneAyioiAero nocne o6nyHeHMR, cnyxw 
my6oKoe YO o6nyMeHne c ncnonb30BaHneM 
nonnaHkinnHa, KaK ynoMMHanocb Bbiiue co 
ccbinKoPi na CTaTbio Leeuw & al. RpuMepoM 
c})OTonpeo6pa30BaHMH M3 npoBOAflmero b, no 
cya^ecTBy, HenpoBOAfliM©© cocTOHHkie c 

MCnO/lb30BaHkieM >KHAKOCTHOPl XMMklMeCKOK 

o6pa6oTKn AB/ifleTCfl B03AePiCTBMe Ha 
aHTpaxnHOH-2-cynbCf)MHOByio KucjioTy (AQSA) - 
nernpoBaHHbi^ nonkinkippon - cmhmm unki 
yTpanbc})kioneTOBbiM cBeTOM c nocneAyiou^ePl 

)KMAKOCTHOM o6pa6oTKoft. 

nocne o6pa6oTKn nepBoro cno« SS1 BTopoCi 
cnovi SS2 HaicnaAbiBaeTCfl noBepx nepBoro 
cnosi, HanpMMep, c noMoiubio Hant>uieHM«, 
pacnbineHMfl, naHeceHMfl xmakoctm (HanpMMep, 
ueHTpMC{)yroft m/im HaHeceHMeM noicpbiTMfl 
cnocoSoM norpy)KeHMq), HaHeceHMeM 
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cKpe6KOM-/ionaTKofi win nyTeM HanoweHua 
tohkoH ruieHKH Ha nepBbifi cnoB SS1. 
OoTonpeo6pa30BaHne BTOporo cnoa SS2 

npOM3BOAHTC« nOCpeACTBOM npOCTpaHCTBeHHO 

ynpaBnneMoro o6nyMeHna m, HanpuMep, 
npoBOAfliMne CTpyioypbi 9 c^opMnpyioTCfl nepe3 
MacKy vim nMC 7b. Earn 4>OTonpeo6pa30BaHne 
npoMCXOAHT HenocpeACTBeHHO, T.e. 
B03Ae^cTBkie ocyunecTB/ineTCH nocpeACTBOM 
TOnbKO H3JiyMeHHH, MOryT 6blTb npuHHTbi Mepbi, 
MTo6bi npeAOTapaTHTb ajanBaumo 

HWKenewamero cnoa SS1. 3to MoaceT, 
HanpMMep, BunonHflTbCfl nyieM BKmoneHnw 
3KpaHnpyioinero w3nyMeHne cnon Me>KAy ABywn 
cnoflMM SS1 , SS2, npu stom 3KpaHnpy»otnnfi 
M3/iyMeHMe cnofl MoxceT 6biTb cneicrpanbHbiM 
cfcwnbTpoM mjih nornomaiomePi, una 
oipawaiomefl cpeAotf. nnn nyieM 
wcnonb30BaHHH noKpbiBaK)mnx cnoeB c 
pa3/iMHHOM cneiaparibHOM 

4>OTOHyBCTBHT8J"lbHOCTbK). EcnM 

4)OTonpeo6pa30BaHMe ncnonb3yeT 
0OTOo6pa6oTKy nocne o6nyMeHna, MoryT 6biTb 
npuHWTbi Mepbi, HTo6bi npeAOTBpaTHTb 
npoHMKHOBeHne xuMMMecKMX peareHTOB bo 
BTOpotf noKpbiBaiou4M« cnoi* SS2, mv\ 
H3MeHeHne, v\m noBpe>KAeHkie nepBoro 
noKpbiBaioL^ero cnoa SS1. B stom cnynae Tawe 
Mepbi MoryT BKntonaib ynpaBJieHne BHeApeHneM 

XHMUMeCKMX Beil^eCTB BO BTOpOM CJ10M C 

noMOii^bio onpeAeneHHoro npoTOKona 
o6pa6oTKM v\m Bbi6opowi MaTepwanoB b nepsoM 
noKpbiBaiotneM cnoe, KOTopwe He noABepraiOTcn 
B03Ae«CTBHIO XMMHMeCKHX cpeACTB o6pa6oTKn, 
ncnorib3yeMbix Ha btopom noKpbiBaioi^eM cnoe 
SS2. 

f~locne o6pa6oTKn BToporo cjior SS2 Tpemfi 
cnofi SS3 H3H0CHTCH noBepx BToporo, no wiepe 

Heo6XOAHMOCTH C nOCJieflyKDll^MMM MeTBepTbIM, 

rmTbiM, ujecTbiM cnoaMH m t. n. Tpeiwfl cnoi* 
SS3 MO)KeT, HanpHMep, nocne npeo6pa30BaHMfl 
coA©P>KaTb nonynpoBOAHUKOBbie 

CTpyioypbi 10, cc|)opMnpoBaHHbie nyieM 
o6nyMeHkifl Mepes MacKy v\nv\ I1MC 7c. KaK h 
paHee, cneAyeT o6ecneHMTb, HTo6bi o6pa6oTKa 
AaHHoro cnon He noBnunna v\ He noBpeA^na 
HH)Kene)KaLi4Me cnovi. Mepbi, KOTopbie mop/t 
6biTb ncnonb30BaHbj, Aon>KHbi BKnio^aTb Te 
Mepw, KOTopwe ynoMMHanMCb Bbiiue b cb«3M c 
o6pa6oTKoR nepBbix AByx noKpbiBaiomnx cnoeB. 

CnocoG, ynoMflHyTbiw Bbiiue b cbh3h c 
G>Mr.2a, b, c, Mowei 6biTb TaioKe ncnonb30BaH 
Ann o6nyHeHMfl no wacViOHy 
caMonoAA©P>KHBaK)ii^MXCH eAUHMHHbix nneHOK 
v\m neHT H3 npeo6pa3yeMoro o6nyneHneM 
MaTepnana c nocneAyiomefi c6opKofi b 
MHorocnofiHyio CTonicy. Peanw3ai|km cnoco6a 
3Toro bha3 oco6eHHO npwroAHa Ana o6pa6oTKU 
no npuHUnny c KaTywKH na Kaiyiuxy, KaK 
noKa3aHO cxeManiMHo Ha c|)ur.3. KajKAaa nneHKa 
Ha cjwr.3 noKa3aHa KaK Tpn nneHKM nOM 1( 
(lOM 2 , nOM 3 v\ noABepraercfl 
c>0Tonpeo6pa3OBaHnio b >KenaeMoi^ 
npOCTpaHCTBeHHO^ KOHcpurypaijHu, HanpuMep 
nocpeACTBOM MacoK 7, c nocneAyiometf c6opKoft 
b MHorocnoC^Hyio cTpyKTypy, HanpuMep, nyTeM 
cicnenBaHMJ? BMecTe linn HanoxeHHeM c 
ncnonb30BaHneM HarpeBa. nonynaeTcn rn6Kafl 
neHTa MCC, KOTopan MoweT 6biTb nn6o 
cnoxeHa, nnco HaMoiaHa i^ennKOM, nn5o 
paspe3aHa Ha cerMeHTbi. B cnyMae 
npeo6pa3yeMoro oOnyneHneM MaTepuana stot 
BapnaHT ocyu^ecTBneHUfl cnoco6a 
cfopMHpoBaHMfl, cooTBeTCTByiouuiero 

H306peTeHMK), COBMeCTMM K3K C WWflKOCTHOM, T3K 
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m c cyxofi o6pa6oTKofi nocne o6nyMeHnn. B 
HeKOTopwx cnynanx, KorAa Tpe6yeTCfl BbicoKan 
TOMHocTb coBnaAeHMfl Me>KAy. HanpuMep, 
sneioponpoBOAfliMefl nonynpoBOAHUKOBO^ 
CTpyioypo^ b pasHbix cnoflx, stot BapnaHT 
cnoco6a 6yA©T TpyAHee ocyu^ecTBHTb, MeM 
anbTepHaTMBHbie BapnaHTbi, KOTopbie onucaHbi 
Bbiiue co ccunKaMM Ha c})nr.2a, b \a c, unw 
onucaHHbie HMxe co ccwnKaMM Ha cf>nr.4a, b. Ha 
o>w\3 npeo6pa3yeMbi« o6nyMeHneM MaTepnan 
nOM npoTHrviBaeTCfl cooTBeTCTBeHHO c KaTyiueK 
R a m HanpaBnaeTCfl nepe3 perynnpyiomne 
ponnKM Rbi, Rb2. An« HaTH^eHUfl m 
no3HL^MOHnpoBaHMfi neHTbi Mepe3 MacKupyiou^ee 
ycTpoficTBO 7. ToTOBbie CTpyioypupoBaHHbie 
nneHKM (IOMl nOM 2 . nOM 3 3aTeM 
HanpaBnHJOTCfl nepe3 BeAyMA M ^ ponnK R c w 
nocne AononHHTenbHOi^ perynnpoBKn 
nono>KeHHfl HanpaBnnioTC« Ha 3Tan Hano)KeHMfl 
R D , n CKnaAWBaiOTcn b MHorocnoMHyio 
CTpyKTypy MCC. 

OoTonpeo6pa30BaHne no iua6noHy M0)KeT 
6biTb Taicxe BbinonHeno b npeABapnTenbHo 
CC>OpMMpOBaHHOR MHorocno^Ho^ CTonKe V\3 
npeo6pa3yeMoro o6nyMeHneM MaTepkiana nOM, 
KaK noKa3aHO Ha o>nr.4a. MHorocno^Hafl cTonKa 
M3 TaKnx MaTepnanoB c>opMnpyeTC« nyTeM 
noBTop^ioiAerocH HanoweHMfl p«Aa 
noAA©P>KViBaiou^MX cnoeB SS1, SS2... urn* 
nneHOK Ha Hecyo^yio noAno>KKy nnn c6opKy. 
Ka>KAbivi cnoR b Ha6ope MOKer H3MeHWTb cboh 
sneiapMMecKvie xapaicrepMCTHKn noA 

B03AeMCTBMeM npOCTpaHCTBeHHO 

onpeAeneHHoro o6nyMeHHfl nnn noA 
B03AeMCTBkieM HarpeBa, o6ycnoBneHHoro TaKUM 
o6nyMeHneM. B cnynae npeo6pa3yeMbJx 
o6nyneHMeM MaTepnanoB nOM MaTepkian b 
Ka)KAOM cnoe S3 Bbi6npaeTcn TaK, mto6w 
peaiqun Ha o6nyMeHMe 6bina pa3nnMH0ft ot 
cnofl k cnoio, n M36npaTenbHoe 
cTpyiaypHpoBaHne b ashhom cnoe peann3yeTc« 
c noMOU4bio noAXOAfliMero Bbi6opa 
xapaiaepucTHK M3nyMeHMR. CneAyeT OTMeTHTb, 
mto b OTnuMne ot cnyMaeB, KOTopbie 
o6cy>KAanncb b cbh3h c BapnaHTOM cnoco6a no 
c>nr. 2a, b, c, o6pa6oTKa nocne o6nyMeHUH 
nyTeM HenocpeACTBeHHoro KOHTaKTa c ra30M 

MnH >KMAKOCTbK) HeB03MO)KHa B cnoflx, KOTopbie 

pacnonoxeHbi BHyTpn cTonKH, ecnn TonbKO 
BsanMOAewcTBue TaKoro bhas He nponcxoAUT c 
XMMUMeCKHMM Beu^ecTBaMU, KOTopbie 6binn 
BKnioMeHbi b paccMaTpuBaeMbift cnoPi bo BpeMfl 
cf>opMnpoBaHHfl CTonKn v\nv\ 6binn 
AncpcpyHAnpoBaHw b paccMaTpwBaeMbitf cnoM 
cnapy>KM. OcHOBHbte npuHi^wnbi npi/i 
npeo6pa30BaHkin npeABapnTenbHO 

CCpOpMUpOBaHHO^ MHOrOCnoi^HO^ CTOnKM M3 

npeo6pa3yeMoro o6nyMeHneM MaTepnana MoryT 
6biTb npeACTasneHbi cneAytoiA^M o6pa30M. 
[~!peAnono>KHM, hto MaTepnanbi b Ha6ope nOM 
WBnHioTCfl nonnMepaMH, KOTopwe MoryT 6biTb 
CTpy Kry pvi po b a h bi c^oToxuMkinecKM, v\ KOTopbie 
n3MeHHK)T cbom sneKTpimecKne cBO^CTBa noA 
AewcTBueM o6nyMeHn« ynbTpac^noneTOBbiM unki 
MHO>paKpacHbiM M3nyMenneM cBepxy Ann 
Ha6opa, noica3aHHoro Ha 4>nr.4a. CneiapanbHbie 
peaia^Mn Ann atihh BonH x 1f %2> ^4 noKa3aHbi 
Ha 0nr.4b m 03HaMaiOT, hto ashhu^ cno^ b 
CTonKe motkqt 6wTb Bbi6paH nyTeM 
ncnonb30BaHna n3nyMeHnn c noAXOAfliM©^ 
AnHHofi BonHbi. HanpuMep, ct>nr. 4a noica3biBaeT 
HanpaBneHne Ha cnoCi SS2 v\ MacKupoBaHkie 
enow SS2 cBeTOM c AnwHofi BonHbi x 2 c LieibK) 
ynpoit|eHHfl npeAnonaraeTcn, hto o6nyM6Hne 
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npHBOflm k w3M6HeHHK> coctohhmh MaTepMana 
M3 Henpo80Afliuero b npoBOAHiMee. Ha ctwr.4a 
o6nyMeHne no waorioHy npoMcxoAMT nyTeM 
ocseujeHMfl nepe3 MacKy 7, ho mop/t 6biTb 
ncnonb30BaHbi flpyrwe anbTepHaTMBbi, Taicvie KaK 
padpoBoe cKaHnposaHne cJx^KycupoBaHHbiMM 
na3epHbiMM nynaMM nnn ocBeu^eHne c 

(J)OpMMpOBaHVieM M306pa>KeHHfl B 6/lMWHeM 30He 

mjim npoet4npoBaHnew M3o6pa*eHMM CBeTOBbix 
3/ieMeHTOB b aApecyeMOM m3tpmhhom 
ncTOMHUKe CBeia. 3tot mctohhmk cBeTa Moxer 
npeflCTaBriflTb co6om, HanpMMep, rpynnoBofi 
naaep win MaccuB na3epHbix amoaob. A^^ 
npoei4npoBaHnn M3o6pa>KeHMM MoryT 6biTb 
ncnorib30BaHbi onTHMecKM aKTMBHbie 3/ieMeHTbi 
b (popuie aneweHTapHbix J1MH3 MJIM 
AMC^cfcpaKUMOHHbix CTpyKTyp. BviecTo MacoK c 
3apaHee onpeAeneHHbiM waonoHOM MoryT 6biTb 
ncnonb30BaHbi ynpaBJiaeMbie MacKvipyiomMe 
ycTpo^CTBa, oSecneMMBajou^ne B03Mo>KHOCTb 
npocrpaHCTBeHHOM peKOHcJwrypaijMM iua6JioHa 
comacHO HeKOTopoMy onpeAeneHHOMy 
npoTOKo/iy, mjim Apyrne cpeACTBa. YnpaBJiaeMoe 
MacKkipyiomee ycTpotfcTBo 3Toro BMAa MoweT 
npeAdaBnflTb co6otf, HanpuMep, 
npocTpaHCTBeHHbifl MOAyn^Top csera. 
onpeAeneHHbix neneft ijenecoo6pa3HO 
ncnonb30BaTb Mac™, o6ecneHHBaioinue 
MOAynnun»o HHTeHCHBHOCTM nnn CABur c{)a3bi. 
rtpn vicnonb30BaHkiM MacKn b qbopMe 
npodpaHCTBeHHoro MOAyjiHTopa CBeTa 

MCTOHHMK CBeTa MOWeT 6blTb 06UJMM. ECJ1M 
HCTOHHMK CBeTa COCTOMT M3 SJieMeHTOB MJIM 

CTpyioypMpoBaH b BMAe MaccMBa, BK/iaA ot 
Ka>KAoro OTAeiibHoro hctohhhk3 CBeTa MoweT 
cjiHBaTbcn c BKnaAOM ot coceAHHX mctohhmkob 
CBeTa, TaK hto CTpyicrypbi , KOTopbie C03AaK)Tca 
b npeo6pa3yeMOM ooYiyneHMeM MaTepHane, 
MoryT nepeKpbiBaTbcy? m cTaHOBMTbca 
HenpepwBHbiMki 6e3 npocTpaHCTBeHHbix 

M3MeHeHHfi B SJieKTPMHeCKMX CBOMCTBaX. 

HaKOHeu, mctohhmkm CBeTa TaKoro BMAa MoryT 

6blTb BbinOJIHeHbl C B03MO>KHOCTbK) 

perynMDOBaHMfl mhtbhcmbhoctm mjim nacTOTbi. B 
noc/ieAHewi cnynae b KOMSMHai^MM c 

AMCf)paKL^MOHHblMM 3JieMeHT3MM MO)KHO, 

HanpMMep, nonynMTb <}>OKycMpoBaHMe Ha 
onpeAeneHHoK myoMHe b MaTpmie M3 
npeo6pa3yeMoro o6nyHeHMeM MaTepMana, Ann 
onpeAeneHMfl MHorocjiofiHofi CTpyicrypbi b 
wiaTpMi^e, ecnM MaTepMa/i cHanana 
npeo6pa3yeTc^, HanpMMep, npM onpeAeneHHOM 
nopore n/ioTHOCTM SHeprMM MsnyneHMPi. C/ieAyeT 

MMeTb B BMAy, HTO MCTOHHMKM CBeTa, M3CKH M 

MOAynflTopbi, McnonbsyeMbie b HacToameM 
M3o6peTeHMM, He bxoa*t b o6"beM M3o6peTeHMq, 
m npeAnonaraeTcfl, hto ohm M3BecTHbi 
cneuManncraM b AaHHOM o6nacrn TexHMKM. 

MoxeT MMeTb MecTo npo6neMa, cB«3aHHaa c 
pea/iM3aL^neM cnoco6a, KorAa M3/iyHeHMe, 
KOTopoe RonxHO 6biTb cqboKycMpoBaHO b 6onee 
hm3kom cnoe, nomoiAaeTC« npM npoxoweHMM 
nepe3 Bbimene^aiAMe cjiom mjim BbtwenewaiAMe 
nacTM MaTpMqbi. Ha npaKTMKe 0Ka3biBaeTca, hto 
m Aean M3MpoBa h h bi e cnynaM c noriHocTbto 
pasAe/iflewbiMM cneKTpanbHbiMM 
HyBCTBMTe/ibHOCTflMM b npeo6pa3yeMbix 
o6/iyneHMeM MaTepManax, KaK noKa3aHO Ha 
c()Mr.4b, TpyAHOAocTMJKMMbi An a 6onbiuoro 
Ko/iMHecTBa c/ioeB. KpoMe Toro, onTMHecKoe 
nornoiAeHMe npeo6pa3yeMoro 06/iyneHMeM 
MaTepMajia oObiHHO M3MeH«eTc«, KorAa 
M3MeH«eTc« npoBOAMMocTb, HanpMMep 
MaTepMa/ibi c oneHb bucokom npoBOAMMOCTbK) 
MMejoT MeTan/iMHecKM^ 6/iecK oJiaroAapa 
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BblCOKOtf KOHl^eHTpai^MM 3/ieKTpOHOB 

npOBOAMMOCTM, KOTOpbie 3Kp3HMpytOT 

naAatomee s^eiapoMarHMTHoe M3nyneHMe ot 
npoHMKHOBeHMfl b MaTepMa/i. HexoTopwe 
npeo6pa3yeMbie 06/iyneHMeM MaTepMa^bi 
nepBOHanaribHo HaxoAflTcn b npoBOAfliMeM 

COCTO«HMM C BblCOKMM ILIMpOKOnOJIOCHblM 

onTMHecKMM nor/ioi^eHMeM m npeo6pa3y*OTCH b 
o6eci^BeHeHHoe npoBOAfliMee cocTOAHMe b 
OTBeT Ha o6jiyneHMe. MTo6bi M36ewaTb 
nepeKpecTHbix noMex Me)KAy chohmm 
BcneACTBMe t3kmx qaneHMM, Mo>KeT 
Mcnorib30BaTbcn ABycTopoHHee ocBemeHMe, T.e. 
KaK CBepxy, TaK m CHM3y CTonKM , b nocneAHeM 
cjiynae nepe3 npospannyK) noAno)KKy, ecnM OHa 
MMeeTcn; BK/iK)Han SjioKMpyiou^Mft cnoM b 
CTonKe, HanpMMep CBeTonomomaiomMM h 
CBeTooTpaxaioiMM^ cnoft Me>KAy cno^MM, 
KOTopbie MoryT noABepraTbCfl nepexpecTHbiM 
noMexaM; nocneAOBaTe/ibHoe npeo6pa30BaHMe 
c/ioeB, HaHMHafl co cjioh, HaxoA«iMeroc« 
Aajibiue Bcex ot mctomhmk3 o6nyHeHMn, 
HanpMMep HMKHero cnon SS1 Ha ct>Mr. 4a, hto 
oco6eHHo KacaeTCfl npeo6pa3yeMbix 
oSnyneHMeM MaTepManoB, KOTopwe 
npeo6pa3yioTc« ot BbicoKo^ k hm3ko^ 
onTMnecKOM nepeAane b npoi^ecce 
CTpyKTypMpoBaHMfl; m HaKOHei4, nerMpoBaHMe 
npeo6pa3yeMbix oGjiyneHneM MaTepManoB b 
pasHbix onoflx Bei^ecTBaMM, KOTopwe 
M36MpaTe/ibHO B3aMMOAe^cTByioT c naAaioii^MM 
M3JiyneHMeM, HanpaB/ieHHbiM b otm BemecTBa, m 
KOTopbie ycKopRK)T npeo6pa30BaHMe b 
npeo6pa3yeMOM o6jiyneHMeM MaTepMa/ie npM 
aKTMBaLiMM. flpMMep nocjieAHero npMBeAeH KaK 
npMMep 1 npM onMcaHMM npeAnoHTMTeribHbix 
BapMaHTOB ocymecTBneHMn cnoco6oB cornacHO 
HacTOHineMy M3o6peTeHMK>. 

HMKe noApo6Ho paccMaTpMBaioTcw 
npeo6pa3yeMbie o6nyHeHMeM MaTepManw, 
KOTopbie MoryT 6biTb Mcnorib30BaHbi b cnoco6ax 
comacHO HacToameMy M3o6peTeHM»o, a TaioKe 
TexHonorMM, KOTopbie MoryT 6biTb 
Mcnonb30BaHbi b BapMaHTax ocyiAecTaneHMfl 
cnoco6os. Ochobhom npMHi^Mn npeo6pa30BaHMfl 
MaTepManoB o6nyHeHMeM Ha MecTe coctomt b 

C{)OpMMpOBaHMM npOBOA^lUMX M/IM 

nojiynpoBOAHMKOBbix cTpyioyp nocpeACTBOM 
paanMHHbix TMnoB M3nyneHMfl, HanpMMep 
y/ibTpa0MoneTOBoro M3nyHeHMfi, BMAHMoro 
cseTa mjim 6riM>KHero m H0pa Kpa ch o ro 
M3JiyMeHMfl, TennoBoro MHo>paKpacHoro 
M3nyneHMq, peHTreHOBCKoro M3nyneHMfl mjim 
M3JiyHeHMH nacTML^. npeo6pa30BaHMe MO>KeT, 

KDOMe TOrO, 6blTb 06paTMMblM kUlM 

Heo6paTMMbiM. KoHKpeTHbie npMMepw 
npMBeAeHbi HMxe. flocneAyioiAMM cnMCOK 
B03M0>KHbix npMMeHMMbix npeo6pasyeMbix 
o6nyneHMeM MaTepManoB nOM hm b KoeM 
cnynae, oAHaKO, He AonxeH paccMaTpMBaTbcn 
KaK McnepnbiBaHDiuMM. 3tm MaTepManw b 
HacTOflmee BpeMH HaxoA«TCfi b HananbHOM 

CTaAM pa3BMTMH, M 0)KMAaeTC«, HTO 

nocjieAytoujMe MccneAOBaHMH m pa3pa5oTKM b 
3tom oOnacTM 3HaHMTe/ibHO yBenMHaT 
KO/iMMecTBO AocrynHbix MaTepManoB. 
nPMMEP 1 

npeo6pa3yeMbie o6nyneHMeM MaTepMa/ibi 
Ana Mcnonb30BaHM« c ynbTpacJwo/ieTOBbiM, 

BMAMMbIM M MH4)paKpaCHblM CBeTOM 

a) nepexoA M3 npoBOA^iMero b 
M3onMpy*omee cocTOflHMe: 5onbiuMHCTBO 
conp«>KeHHbix nojiMMepoB MoryT npM o6nyHeHMM 
CBeTOM, HanpMMep yjibTpacfcMoneTOBbiM CBeTOM, 
npeo6pa30BbiBaTbCfl M3 npoBOAfli^ero 
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H3ojinpyiomero 
cocTo«Hne: 
npon3BOAHoe 



coctohhha b \A3onv\py\ou\ee, HanpuMep 
BbiiueynoMflHyTbm no/inaHnnnH. 

b) nepexoA H3 H3ojinpyiomero b 
npoBOAflw.ee cocTOflHHe: pa3/inMHbie 
conpywceHHbie nonuMepw. CTpyKTypupoBaHHbie 
o6nyMeHneM, cTaHOBflTca nposoAfliUHMH nyTeM 
nocneflyioinero B03AeflcTBHH Awcf>(j>y3aHTa b 
ra30o6pa3HoK hjim >khakom (fcopMe, HanpuMep, 
flHMeTOKcn-4)eHnneHa npon3BOAHoro ot 
nojin(cfceHM/ieH BHHWieH) (DMEO-PPV). 

c) (lepexoA M3 M3onnpyK)U4ero b 
npoBOAHiiiee cocTonnue c ncnonb30BaHneM 
nponMTKvi KpacmeneM: npeAiuecTBeHHHKvi H3 
nojin(cfceHmieH BMHuneHa) (PPV), nponnTaHHbie 
a30-cynb(fco Kpacwe/ieM c cw/ibHbiM 
nomoiqeHneM Ha AnwHe bojihw kisjiyMeHHH, 
HanpuMep, c ncnonb30BaHneM na3epoB, MoryT 
6biTb npeo6pa30BaHbi o6nyHeHueM b 
conpn>KeHHbiM nonnMep. 

d) nepexoA H3 
nonynpoBOAHUKOBoe 

2,5-AHMeTOKcnct)eHki/ieH npon3BOAHoe ot 
nojin(c{)eHnneH BUHnneHa) (DMEO-PPV) wio>KeT 
nepefi™ us M3onnpyK)mero b 
nojiynpoBOAHMKOBoe cocTOHHue nyTeM peaKu.un 
BbiAe/ieHUfl no/in3neKTponnTHbix nneHOK, 
cxfx)pMnpoBaHHbix H3 Hero. 3aTeM co3AaeTCfl 
nonnconpnxeHHaa u,enb nyTeM o6nyMeHna 
nasepHbiM cBeTOM Ha 514,5 hm npn 10 
Bt/cm 2 (cm. F A. Torres-Filho & R. W. Lenz, 
"Electrical, thermal and photo properties of 
poly(phenylene vinylene) precursors; I. 
Laser-induced elimination reactions in 
precursor polymer films", J. Polymer 
Science, Part B: Polymer Physics, 31 (8): 
959, 1993). 
nPWMEP 2 

npeo6pa30BaHne pemreHOBCKUM 
n3nyneHneM 

flepexoA H3 Msormpyiomero b npoBOAHinee 
cocTOAHMe: TOHKue rmeHKn nonnaHnnHHa m 
nonn(o-MeTOKCMaHkiriMHa) noABepranncb 
o6nyMeHHK) peHTreHOBCKUM n3/iyHeHkieM m 

B03AeMCTBMK) B/ia>KHOtf aTMOCC^epbl (CM. J. A. 

Malmonge, L.H.C. Mattoso, "Doping of 
Polyaniline m Derivatives Induced by X-Ray 
Radiation", Synthetic Metals: Proceedings of 
the 1996 International conference on Science 
m Technology of Synthetic Metals, tom 1984, 
1-3, nacTb 1: 779-780, Elsevier Science S.A. 
Lausanne, Switzerland, 1997 (ISSN: 
0379-6779)). 
nPMMEP 3 

l"lpeo6pa30BaHkie hohhwm o6nyHeHneM 
npeo6pa30saHMe ki3 M3onnpyiou4ero b 
nonynpoBOAHUKOBoe cocTOAHne: nonn(4)eHMJieH 
BMHmieH) nonynancfl H3 npeAwecTBeHHHKOB 
cynwfcoHHeBofi conn nyTeM oSnyHeHHH noHaMU 
npn 1000 ksB Ne + (cm. J. Davenas, V. 
Massardier & V.H. Tran, "Conducting polymer 
synthesis via ion beam precursor 
conversion". Nuclear Instruments & Methods in 
Physics Research, Section B: Beam 
Interactions with Materials h Atoms. J+C on 
New Trends in Ion Beam Processing from Ions 
h Cluster Ion Beams to Engineering Issues, 
Proceedings of the 1995 E-MRS Symposium, 
Strasbourg, 1995). 
nPHMEP 4 

npeo6pa30BaHne o6ny4eHMeM sneicrpOHaMM 
ripeo6pa30BaHne M3 H3onuipytoinero b 
npOBOAflmee cocTOHHHe: nonnaHn/iMHbi m 
nojin™oc$>eHbi MoryT 6biTb nernpoBaHbi nyTeM 

B03AefiCTBMH SneKTpOHHblMH nVMaMH 

CBeTOM no Mepe Toro, KaK conn cooraBHbix 
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K3TM0H0B, T3K Ha3biBaeMbie oHneBbie conn, 
npuMeujaHHbie b nonnMepe, pa3/iaraioTCfl bo 
BpeMfl o6nyMeHHfl m co3AaioT kmchotw 
EpencTeAa (npoTOHOBbie kmcjiotw), KOTopbie 
Ae^CTByjoT KaK MecTHbie jiervipyioiAwe npuMecw 
(cm. M. Angelopolous, J.M. Shaw, W.S. 
Huang & R.D. Kaplan, "In-situ 
radiation-induced doping of conducting 
polymers". Molecular Crystals u Liquid 
Crystals, 189: 221-225, 1990). 
nPHMEP 5 

TepMUMecKoe npeo6pa30BaHne 
TepMUMecKoe npeo6pa30BaHne MO>KeT 

paCCMaTpHBaTbCfl KaK BTOpHHHblfi 3cJx}>eKT 

o6nyMeHnyi BcneACTBMe sneicrpoMamnTHoro 
ofrnyneHMH win o6nyMeHn« MacTHL^aMn. 
TepMUMecKoe npeo6pa3osaHne oneHb nacTO 

HBnfleTCH rpaHMHHbIM 3CfXt)eKTOM, aKTya^bHblM 

flBnaeTca to, HTo6bi ncnonb30BaTb n3nyHeHne, 
KOTopoe MO)KeT SbiTb cct>OKycnpoBaHO TaK, MTO B 
o6~beMHOM aneMeHTe b MaTpvme MoxeT 6biTb 
no/iyneHa ynpaanfleMafl nnoTHOCTb SHeprviM. 
06pa6oTKa eAUHMHHbix cnoeB TaKxe MO)KeT 
6wTb Bbino/iHeHa, HanpuMep, coBMecTHO co 
cnoco6aMn c^opMnpoBaHnw, nocne 
cf)opMHF)OBaHHfl ncnonb3yeTc« Ann ynpas^eHM« 
npoBOAfliUHMH nnn nonynpoBOAHUKOBbiMn 
CBOMCTBaMM, HanpuMep, nyTeM npeo6pa30BaHMfl 
MOHOMepa b ojiMroMep, .nerwpoBaHun, 
KpncTannn3aL^nn m T.n. TaKvie npoi^eccbi xopoiuo 

H3BeCTHbl M UJMpOKO MCnOJ1b3yK>TCfl, H nOSTOMy 

KOHKpeTHbie npMMepw 3Aecb He npHBOA^Tcn. B 
onpeAeneHHbix cnynaflx TennoBaw 
nocTo6pa6oTKa, KOTopafl npnMeH«eTc« co 
cnoco6aMH cor/iacno HacTonu^eMy 
H3o6peTeHMK), MoweT nponcxoAHTb mo6anbHO, 

T.e. B COCTaBHOft MJ1M MOHOJIMTHO^ MaTpHl^e, H 

TorAa HeT Heo6xoAHMOCTH ocyu4ecTBJiflTb ee KaK 
BTOpklHHblM 3C})Ct)eKT o6nyMeHkifl. Bbiiue B 
npwMepe 3 6bmo paccMOTpeHO npeo6pa30BaHne 
H3 n3onnpyiou4ero b nonynpoBOAHUKOBoe 

COCTOHHHe nOCpeACTBOM 06/iyHeHHfl HOHaMH. B 

KanecTBe a/ibTepHaTHBbi mojkho noABepmyTb 
nonynpOBOAHHKOBbiPi MMKpoKpncTajinnHecKvi^ 

MaTepkian B03Ae^CTBHK) KOpOTKHX MMny^bCOB 
M3JiyMeHHfl, KOTOpbie Bbl3blBaK)T 6wcTpoe 

nepexoAHoe HarpeBaHne m oxna)KAeHne c 
npeo6pa30BaHneM b aMopc()Hoe 

HenonynpoBOAHHKOBoe cocTOAHkie. 
Bo36y>KAaeMoe /ia3epoM npeo6pa30BaHne 
Me>KAy aMop0HbiM m KBa3MKpkiCTannvmecKHM 
cocto«hmhmh b no^MMepax xapaicrepn3yeT 
co6ofi xopoujo ki3BecTHyio TexHonoruK) An« 
3anncM AaHHbix Ha onTHHecKMe a^ckh h nosTOMy 
AeTa/ibHo He paccMaTpMBaeTcn. 

Hn>Ke np^iBeASHbi npHMepbi 

npeAnoMTMTeribHbix BapnaHTOB ocymecTB^eHua 
cnoco6oB cpopMHpoBaHHfl comacHO 
HacTOflu^eMy n306peTeHMK> m co ccbi/iKaMM Ha 
HepTewM. 

nPHMEP 6 

M36npaTe/ibHOCTb c ncnonb30BaHneM 
KpacMTexifl b MHoroc/ioMHOM Ha6ope 

KaK ynoMHHanocb Bwnie, npeo6pasoBaHne b 
onpeAeneHHbix cnoax npeo6pa3yeMbix 
o6iiyHeHkieM MaTepnanoB MO>KeT 6biTb 
peann30BaHO nyTeM 

cneKTpanbHO-H36npaTeribHoro oSnyMeHua, 
HanpuMep, ceeTOM hjih Apyr^MM mnaMH 
sneiapoMarHHTHoro n3nyneHMfl. Ha npaKTMKe 
nepeKpecTHbie noMexM Me)KAy cjioamh b 
pa3JiMHHbix npeo6pa3yeMbix o6/iyHeHneM 
MaTepna/iax orpaHMHMBaioT AOCTHKHMyto 
KOHTpacTHocTb ki yMeHbiuajoT AocTynHoe 
KOHHHecTBO c/ioes b CTonKe. KpoMe Toro, 
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KOMnpOMklCC MeJKfly U36upaTe/1bHOCTbtO CnOH n 

oonyMeHHeM, c oahoA CTopoHbi, m 
sneiopwHecKofi xapaKrepucTHKOw 
npeo6pa3yewbix o6nyMeHueM MaTepwanoB, c 
Apyrofi dopoHbi, npMBOAWT k He>KejiaeMbiM 
orpaHUMeHM^M scjx^eiouBHOc™ co3AaBaeivioro 
TaKMM nyTeM npw6opa. 3Ta npo6neMa MOweT 
6biTb peiueHa nyTeM oTAenenua 
n36npaTeribHOCTn or aneiopHMecKHx 
xapaiaepHCTHK. <t>aKTHHecKw AOcrynHbi 
onTviHecKvie KpacviTenn, KOTopbie nepeKpbiBaiOT 
Becb cnejcrp ot ynbTpact>noneTOBoro, BHAMMoro 
CBeTa ao 6nn>KHero HHCfcpaKpacHoro n3nyMeHua 
c BbicoKMM nomomeHnewi b xopoiuo 
onpeAeJieHHbix cneiopanbHbix nonocax, 
KOTopbie MoryT 6bJTb Bbi6paHbi c B3anMHO 
AononHflK>u|MMM Anana30HaMH nomooieHun, 

KOTOpbie TOM HO COOTBeTCTBytOT 

npeACTaBneHHOMy Ha o>nr.4b. ripHMecb 
KpacHTenfl ototo bhas b cna6o nomou^afou^n^ 
npeo6pa3yeMbiM o6nyHeHneM Marepnan, TaK mto 
civiecb nonynaeT xapaicrepucTHKM nomoineHHH 
KpacMTenfl, o6ecneHHBaeT cneiapanbHbiM 

"HHCTpyMeHT", KOTOpblfi MOWeT OblTb 

ncnonb30BaH a^h nonyMeHkm wenaeMotf 
M36npaTenbH0CTn Ana npeo6pa30BaHkm 
KOHKpeTHbix cnoeB b donKe. SHeprnfl, 
nomoineHHaa b KpacHTene H3 o6nyHeHHfl, 
npeo6pa3yeTCH b Tenno b TeneHvie oweHb 
KopoTKoro BpeMeHM, h Bbisbisaer noKajibHoe 
nosbiLueHne TeMnepaTypbi. TaKHM o6pa30M 
aKTHBHpoBaHHbifi TennoM npeo6pa3yeMbiM 
oonyneHkieM MaTepwan b stom Anana30He 
MoaceT 6biTb noABepmyT B03AetfcTBwo 
kocbshho, Mepe3 nornomeHue b KpacHTene. 

MT06bl HMeTb B03MO)KHOCTb Bbl6paTb AaHHbie 

roHKwe cnon b donKe 6e3 nepeKpecTHbix noMex, 
TennoBoe nojie, o6ycnc-BneHHoe nomomeHHotf b 
KpacnTene 3Heprnefl, ao/dkho tomho 
perynnpoBaTbCfl. 3to AocTwraeTca 

HCn0/lb30BaHkieM KOpOTKHX H HHTeHCMBHblX 

HMnyribCOB n3nyHeHnn. B oAHOMepHow 
KOH0nrypa4HM b cnynae, KorAa TOHKne cnon 
Hajio>KeHbi oamh na Apyrofi, 6bicrpoe 
noBbiweHne TeMneparypbi b 6ecKOHeMHo tohkom 
cnoe b MaTepviane una b MaTpuLje npoaBHTca Ha 
paccTOHHHH ot 3Toro enow, coot BeTCT By hd m e M 
AnHHe TennoBOtf nwcpcpysm, onpeAeneHHOfi no 
(J>opMyjie 

n = (k/*1 p c) 1/2 . (1) 
rAe napaMeTpbi MaTepna/ia TaKOBbi: 
k = yAeribHan TennonpoBOAHOCTb, 
f = 1/x : co6cTBeHHafl MacTOTa, KOTopaa 
paBHa oGpaTHOtf BennnuHe AnuTenbHoc™ 
MMnyjibca x, 

p = rtnoTHocTb MaTepnana m 
c = yAe/ibHan TennoeMKOCTb MaTepnana. 
KaK oneanAHO H3 paseHCTBa (1), Tpe6yi0TCfl 

KOpOTKHe MMnyJlbCbl, HT06bl AOCTkIMb BWCOKOtf 

H36npaTenbH0CTM b HanpaBJieHUM, 
nepneHAHKyn^pHOM cnom. CneAOBaTenbHo, 
noKanbHoe noBbiuueHne TewinepaTypw, 
o6ycnoB/ieHHoe n3nyMeHweM, n, t3kmm o6pa30M, 
CKopocTb peaKi^nM b npeo6pa3yeMOM 
o6/iyMeHneM MaTepnane tsm Bbiuje, MeM Kopone 
kiMny/ibc nsjiyMeHnn. flnn TunvmHbix 
no/iHMepHbfx MaTepna/ioB n ne>KMT b 
cy6MMKDOHHOM Anana30He Ana wviny/ibcoB 
M3nyMeHHfl AnnTenbHOCTbio MeHee 

MMKDOCeKyHAbl. 

nPHMEP 7 

3/ieiapviHecKvie coeAMHeHHfl Me^y chosmm 
SneiapuHecKkie coeA^iHeHnw Me>KAy 

pa3HblMH CnOfJMM B TOHKOrtneHOHHblX 

MaTepnanax nnn Apyrux Twnax sneKTDOHHbix 
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MaTepnanoB npeACTaBnaioT co6ofi maBHyio 
npo6neMy npn npon3BOACTBe 

Muxpoa^eiapOHUKn. ToMHoe no3nuMOHnpoBaHne 
npoBOAflujMX Aopo)KeK 8 rinocKOCTM KaxAoro 
cnofl n b nepneHAMKyn^pHOM HanpaB/ieHnn k 
nnocKOCTfiM MMeeT nepBocrreneHHoe 3HaMeHne m 

06biMH0 BKHIOHaeT 4)OpMHDOBaHkie CKB03HblX 

MewcoeAMHeHwB nnn oTBepcTH^, KOTopbie MoryT 
6biTb 3ano/iHeHbi npoBOAfl^MM MaTepManoM Ann 
C03AaHHH coeAHHeHnK, nepneHAHKynflpHbix 
cnoflM. cj>M3HHecKoe BbinonHeHue OTBepcTM^ b 
M3BecTHbJX cnoco6ax npOH3BOAHX10Cb 
nocpeACTBOM cBepneHUfl, nep^iopai^MH unw 
TpaBneHHfl, a npoBOA^uiuM MaTepnan 
Ao6aan«/icfl MexaHMMecKHM 3ano/iHeHneM p 
oneKTponMTMMscKMM oca)KAeHMeM n T.n. FIcho, 
mto npoueccbi TaKoro Tuna xapaicrepM3yK)TCH 
3HaHHTenbHoi^ cnoKHOCTbio n cymecTBeHHoK 
cTOMMocTbio, n nMe»OT orpaHHMeHnw no 

TOHHOCTM. 

B HacTORLueM M3o6peTeHHM coeAMHeHMfl, TaK 
>Ke KaK aianBHbie m naccMBHbie npn6opbi, MoryT 

6blTb 0O3AaHbl B TOW )Ke nOCJieAOBaTe/lbHOCTH 

oOpaeoTKvi, KOTopaw onpeAeJineT 
aneiaponpoBOAfliMne n/kuin 
no/iynpoBOAHHKOBbie cTpyioypbi b k3>kaom cnoe, 
T.e. c Totf )Ke npocTpaHCTBeHHOvi tomhoctwo, 
mto \a CTpyioypbi, n 6e3 kicnonb30BaHnn 
AononHHTeribHbix n APyrux STanoB 
npon3BOACTBa. Onr.5 noKa3biBaeT ochobho^ 
npnHi4nn Ann nacTHoro cnyMan, KorAa AOJUKHa 
6biTb cosAaHa OAHa npoBOAflinan Aopo>KKa 9 
Me>KAy MacTbK), nanpMMep, npoBOAflinefi 
CTpyioypbi b cnoe SS5 m MacTbio Apyroi^ 
npoBOAfliMe^ CTpyioypbi 9 b cnoe SS8, 
yAaneHHOM ot nepBoro. nyTew noBTopHoro 
npeo6pa30BaHkia wanotf nnomaAn b oahom m 
tom we MecTononoaceHHH Ka>KAoro H3 
HecKonbKMx coceAHkix cnoes Me)KAy KonenHbiMki 
TOMKaMH npoBOAfliMux imn nonynpoBOAHUKOBbix 
cTpyioyp c(>opMrtpyeTCfl cTonGMK 9' H3 
npoBOAfliMero MaTepwana, KaK noKasaHO Ha 
4)Mr.5, m AOCTkiraeTCfl sneioponpoBOAHOCTb, 
peann3yeMafl nosTanHo ot HaManbHoro cnon 
SS5, KOTopw^ coAepwHT nepByio npoBOAfliMy»o 
CTpyioypy, ao KOHeMHoro cnon SS8, KOTopwi^ 
coa©P>kmt BTopyio npoBOA^iuyio CTpyioypy. 
nonepeMHoe ce^eHne cTon6MKa 9' MO>KeT GbiTb 
onpeAeneHO npon3BonbHo nocpeACTBOM 
Bbi6paHHoro iua6noHa o6nyMeHMfl. HecKonbKO 
napannenbHbix npoBOA^LMux cTon6nKOB Moxer 
6biTb co3AaHO c ncnonb30BaHMeM stom 
npoueAypbi, h cTon6nKn MoryT HannHaTbCfl n 

3aKaHMMBaTbCfl B pa3HblX CnORX, KaK 3TO flCHO 
M3 0Mr.5. B A3HH0M CPOe, B KOTOpblM bxoaut 

npoBOA*mafl cTpyioypa 9 b coeAnneHMH c 
oahmm wvi 6onee npoBOA^iAHMM CTon6ttKaMH 
BepTMKanbHbix npoBOA«iMnx CTpyioyp 9', 
nocneAHflfl Aon>KHa n3roTaBnnBaTbcw 
coBMecTHO c ApyrHMH npOBOA^^HMH wjih 
nonynpoBOAHHKOBbiMM cTpyioypaMki 10, 
KOTopwe CTpyioypupoBaHbi b stom cnoe, 
HanpMMep SS6 Ha $nr.5, T.e. 6e3 
Heo5xoAHMocTM ocya^ecTBJieHUfl Apyrux nnn 
OTnuMaiou^kixcfl 3TanoB o6pa6oTKn. CTeneHb 
npeo6pa30BaHMfl m HenpoBOA^LM^ro b 
npoBOAHiL\ee cocTOAHne min Hao6opoT MO>KeT 
ynpaBn^Tbcn o6nyMeHneivi, HanpuMep ao30^, 

MHTeHCMBHOCTblO, CneKTpanbHblM COCTaBOM n 

T.n. TaKMM o6pa30M, CTon6nK, KOTopbie 

COeAMHfleT TOM KM B AByX Da3HblX CnOHX, MOJKeT 

6biTb cxfopMnpoBaH TaK, mto oh cpyHiqviOHMpyeT 
KaK pesncTop b cxeMe, nyTeM Bbioopa cTeneHM 
npoBOAMMOCTM b cerMeHTax ot cnofl k cnoio 
BAonb CTon6nKa. 
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nPUMEP 8 

PeKOH<£nrypnpyeMbie sneicrpoHHbie cxeMbi 

OnpeAeneHHbie npeo6pa3yeMbie 
o6jiyMeHueM MaTepnanbi MoryT 6biTb 
npuBefleHW b npoBOAnmee cocTonHMe c 
noMoi^bio o6nyMeHMH mjih Apyrux BHeuiHMX 

B03AeMCTBMM H OCTaBaTbCn B 3T0M COCTOnHMM A 0 

Tex nop, noxa ohm He 6yAyT noflBepmyTbi 
B03fle^cTBMK), HanpMMep, Apyroro BHAa 
o6nyneHMn nnn BHewHero BOSAe&CTBMn, 
KOTopoe nepeBeA©T 3TOT MaTepMan oGpaTHO 8 
nepBOHaManbHoe cocTonHMe. 3to, b tom HMcne, 
MMeeT MecTO b cnynae ■ pa3nnMHbix 
opraHMMecKnx MaKDOMoneicyn m Apyrox 
MaTepna/iOB, KOTopbie b o6ineM M3BecTHbi KaK 
MoneKynnpHwe sneicrpoHHbie MaTepna/ibi. 
(IpuiMep MaTepMana TaKoro BHAa onuicaH b 
pa6oTe: "A new material for optical, 
electrical and electronic thin film 
memories", Z.Y. Hua & G.R. Chen, Vacuum, tom 
43, 11: 1019-1023, 1992). 3tot MaTepMan 
nBnneTcn opraHOMeTaji/iMMecKMM KOMnneKCHbiM 
coeflkiHeHMeM c nepeHOCOM 3apnAa (M(TCNQ)), 

06pa30B8HHblM 7, 

7,8,8-TeTpaunaHoxnHOAHMeTaHOM C12H4N4. 
KOTopbifl cf>yHKqnoHnpyeT KaK Moneicyna 
aKi^enTopa aneiapoHOB c pa3JiMMHbiMM 
MeTannaMM b KanecTBe ooorameHHbix 
sneKTpoHaMH aohopob. B HMcne MeTannoB 
MoryT 6biTb Li, Na, K, Ag, Cu hjim Fe. M(TCNQ) 
MOKeT npH npnno>KeHMn cBeTOBoro M3nyMeHnn m 
onaroAapn TOiviy, mto 3Heprn« noAaeTcn b 
cpopiwe Tenna mjih aneicrpMMecKMx none*, 
nepexoAMTb M3 cocTonHMn BbicoKoro MMneAaHca 
b cocTOflHHe Hki3Koro MMneAaHca. B o6meM 
bha© peaKL^kia MOJKeT 6biTb 3anncaHa 
cneAyKDinnM o6pa30M: 

[M + (TCNQ)-]^^M X +(TCNQ) X +[M + (TCNQ)-] 

rvx' 

FlpoL^ecc o6paTMM, nocKonbicy o6paTHan 
peaKUMfl MOKei 6biTb nonyMeHa noAanefi 
3Heprnn e b qbopMe Tenna, sneicrpviMecKHX 
nonefl mtih cfcOTOHHoro oonyneHMn. 06paTMMan 
peaKL^n npHBOAHT k TOMy, mto M(TCNQ) MOweT 
6biTb ncnorib30BaH Ann co3AaHMn 
KOMNiyTwpyiomefi cpeAbi c AByMn ycToflHMBbiMM 
cocTOflHMHMH, HanpMMep, MaTepMana 
CTMpaeMoi* naw«Tn. Cnoco6 comacHO 
HacTonujeMy M3o6peTeHHio ocHOBaH Ha 
ncnorib30BaHMH 06/iyMeHHfl, a He sneiapunecKHX 
nonetf, npM stom AOHopbi oneiapoHOB 
Bbi6npaK)TCfl H3 BbiiueynoMflHyTbix MeTannoB, 
KOTopbie pja\OT MOAn0HKat^MH M(TCNQ), 
HyBCTBMTenbHbie k onpeAeneHHbiM AnMHaM bohh 
CBeTa. B tohkmx cnonx, HanpuMep TonmMHOtf 
100-200 hm, M(TCNQ) MMeeT HenMHefiHyio 
BoribTaMnepHyK) xapaiaepMCTMKy, npMMepHo 
TaKyio, koto paw MOxeT 6biTb Mcno/ib30BaHa Ann 
pea/iMsai^MM yarpoftcTB naMn™ jma n3Y mjim 
03Y. Ann stom i^e/iM oco6biM MHTepec 
npeACTaB/i«eT to, mto M(TCNQ) ycTOMMMBO m 
BOcnpoM3BOAMMO o6ecneMMBaeT ynpaanneMoe 
tokom 3/ieKTpMHecKoe nepeicnioMeHMe c AByMn 

yCTOMHMBbIMM COCTO^HMRMM. B 3/ieKTpMMeCKM 

aApecyeMo^ naMfiTM, HanpMMep, cocTonHMe 
BbicoKoro MMneAaHca MoweT 6biTb 
Mcnorib30BaHO Ann npeACTaB/ieHMfl abommhom 
"1", a cocTOHHHe HM3Koro MMneAaHca - 
ABOMHHoro "0". BpeMn nepexoAa Me>KAy AByMn 

T3KMMM COCTOflHMnMM MeHbUJe, MeM 400 HC. 

flono/iHMTeribHbie npMMepw noflxoA^iAMx 
MaTepManoB onMcaHbi b pa6oTe W. Xu & al. , 
'Two new all-organic complexes with 
electrical bistable states", Appl. Phys. 



to 



15 



20 



25 



30 



35 



40 



45 



50 



55 



60 



Lett. 67: 2241-2242 (1995) m b paooTax, 
npMBeASHHbix b cnMCKe jiMTepaTypw. 
YnoMflHyTbie MaTepMa/ibi 6MCTa6MJibHbJ m MMeioT 
MeTKo onpeAeneHHbie rpaHMi^w Ann 
npeo6pa30BaHM« M3 npoBOAfliuero cocTOSHMn b 
HenpoBOAfliMee cocTonHMe m HaooopoT, c 
Mcnonb30BaHMeM mjim c|>oTOHHoro MsnyHeHMn, 
m/mtim sneKTpMMecKMX no/iei^. 

KorAa oGpaTMMbie MaTepMaribi 3Toro BMAa 
BKHJOMawTcn b oahh M/iM 6onee cnoeB b CTonKe, 
bo3mo>kho peKOHC{)MrypMpoBaTb cxeMy. C 
B03pacTaK>meii creneHbio ctio)khocth sto MOKeT 
6biTb cAenaHO, HanpMMep, Ann KoppeKL^MM 

OUJMDOK npOM3BOACTBa, MHTepaKTMBHOCTM 

OTHOCMTeribHO OKpy>KaJOLL\eM cpeAbi mjim 
npMMeHeHMn, mjim noBTopHoro Mcnojib30BaHMn 
MaTepMana MaTpMi^w b Ha5ope nyTeM 
yHMMTO)KeHMn m cjiopMMpOBaHMn coBepiueHHO 
HOBbix cxeM. TaKMe cnoco6bi yHMMTOKeHMn 
sneictponpoBOAniAMX m nonynpoBOAHMKOBbix 
TpexMepHbix CTpyicryp TaioKe BXOAnT b o6"beM 
HacTonu^ero M3o6peTeHMn. riepBbiK cnoco6 
yHMMTOKeHMn MO>KeT 6biTb peajiM30BaH nyTeM 
o6jiyMeHMn oTAejibHbix CTpyicryp MaTepManoB m 
ooecneHMBaeT yHMMTO>KeHMe npoBOAnu^MX mjim 
nonynpoBOAHMKOBbix CTpyioyp aHanorMMHO 
AeMCTBMK) cnoco6oB qbopMMposaHMn tbkmx 
CTpyicryp. H36MpaTejibHoe yHMHTOJKeHMe 
CTpyicryp MoxeT, oah3ko, 6biTb AOCTMmyTO 
npocTpaHCTBeHHOM MOAyJini^MeM MSJiy^eHMn b 
njiocKOCTM, no cyu^ecTBy, napannenbHOM 
CTpyicrype MaTepMana, nocpeACTBOM MacKM, 
uja6noH KOTopotf BbinonneH comacHO 
onpeAeneHHOMy npoTOKOJiy, m 3Ta MacKa saTeM 

MOAyJIMpyeT J1M60 MHTeHCMBHOCTb, nM6o 0a3y 

naAaiou^ero M3JiyMeHMn Ann yHMMTOKeHMn 
sjieKTponpoBOAniMMX mjim nonynpoBOAHMKOBbix 
CTpyicryp b sto^ cTpyicrype MaTepMana. 
H3JiyqeHMe MO>KeT TaioKe 6biTb 

npOCTpaHCTBeHHO MOAynMpOB3HO B nJlOCKOCTM 

nyTeM KonueHTpauMM era b jiyM c pa3MepaMM, 

KOTOpbie COBMeCTMMbl c pa3MepaMM 

3jieKTponpoBOAnu4Mx mhm nonynpoBOAHMKOBbix 
CTpyicryp m cKaHMpOBaHMeM cTpyicrypbi 
MaTepMana nynoM, KOTopbiM napanneneH 

nnOCKOCTM M MOAynMDOBaH no MHTeHCMBHOCTM 

comacHO onpeAeneHHOMy npoTOKony, t3kmm 
o6pa30M o6ecneMMBan y h MMTo>KeH Me 
sneiaponpoBOAniAMx MnM nonynpoBOAHMKOBbix 
CTpyicryp, KOTopbie n pMcyTCTBy k>t b cnoe. 
flpyrMMM cnoBaMM, Msny^eHMe Aon>KHO 6biTb 
HanpaBneHo cooKy cno>KeHHOM CTpyicrypbi m 

npOCTpaHCTBeHHO M0AynMpOB3HO T3K, MTO OHO 

CTaHOBMTcn napannenbHbiM cTpyioype m 

CKOHl^eHTpMpOBaHO B Heft. AnbTepHaTMBHO, 

nonHocTbio aHanorMMHo cnoco6y 

Cf)OpMMpOBaHMn, MO)KeT 6blTb Mcnonb30BaHo 

M36MpaTenbHoe o6nyMeHMe, ecnM oamh MnM 
6onee cnoeB b KOHCt)Mrypai4MM CTonKM Aon>KHbi 
6biTb yHMMTOKeHbi, m M3nyMeHMe b stom cnynae 
KaK o6biMHO 6yAeT najqaTb nepneHAMKynnpHO k 
nnocKocTM cnon. H36MpaTenbHOCTb Torfla MOKeT 
6bJTb peanM30BaHa c noMOiAbio noAXOAnu^MX 
cnoeB, cqbopMMpoBaHHbix M3 MaTepMana, 
KOTopwft pearMpyeT Ha OAny MnM 6onee 
xapaiaepMCTMK MsnyneHMn unM AaHHyio 

MOl^HOCTb M3JiyMeHMn. YHMMTO>KeHMe MOJKeT 
6blTb TaKXe peajlM30BaHO Cj)OKyCMpOBaHHblMM M 

CKaHMpyiou^MMM nyMaMM, KOTopbie 

cc|)OKycMpoBaHbi Ha Bbi6paHHOM cnoe m b 
06-beMHOM sneMeHTe 3Toro cnon 

KOHU|eHTpMpyiOT SHeprMK) AO TaKOft rmOTHOCTM, 
MTO OHa npeBOCXOAMT B03MO)KHblft TOMHO 

onpeAeneHHbie nopor, Bbi3biBan yHMMToxeHMe 
cTpyioypbi. 
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OAHaKo ropa3flO npome yHUMTOweHHe 
CTpytoypbi MO>KeT 6biTb peann30BaHO nyTeM 

06/iyHeHH« COCTaBHOft MaTpHL\bl c 

ajieiaponpoBOAflujHMH m no/iynpoBOAHHKOBbiMn 
cTpyicrypaMU, co3AaHHbiMn b Hefl, mo6anbHo, 
HToCbi yHHMToaceHkie stux dpyioyp 
nponcxoAnno bo Bcefi ee nonHOTe n 
oAHOBpewieHHO. 3to 6yAeT npaicrnMecKvi 
npuMeHUMo, ecnn ppnxen 6biTb 
peKOHC^nrypupoBaH Becb KOMnoHeHT, ho ecriM 
Heo6xoAHMbi KoppeianpoBKn oTAeribHbix cnoeB 
uriM peKOH0nrypai^nn OTAe/ibHbix c/ioeB, to 

MO*eT GblTb npMM8HMM TOflbKO 

BbiweynoMHHyTbifi cnoco6 c M36npaTenbHbiM 
o6/iyMeHneM sthx cnoeB. 

F1PHMEP 9 

AKTMBHbie cxeMbi 

(locKOJibKy cnoco6 0opMnpoBaHkm cornacHo 
HacTOflmeMy M3o6peTeHHK> ooecnewMBaeT 
B03MO>KHOCTb npeo6pa30BaHMfl noAXOA*mnx 
MaTepnanos n3 n3onnpyioLnero b 
nonynpoBOAHMKOBoe cocTOHHne vuin Hao6opor c 
noMombio o6nyHeHM«, nn6o HenocpeACTBeHHO, 
nn6o KocBeHHo (nanpHMep, b nocneAHeM 
npuwepe 6naroAapn oAHOBpeMeHHOMy 
wecTHoiviy HarpeBaHMJo), to mo>kho 
ncnonb30BaTb stot cnoco6 b npon3BOACTBe, 
HanpuMep, ahoaob h TpaH3MCTopoB, KOTopwe 
MoryT 6biTb aneicrpuMecKM coeAHHeHbi c 

COnpOTHBJieHMflMM H KOHAeHCaTOpaMH, MT06bl 

o6pa30BaTb nonHbie aKTHBHbie aneKTpoHHbie 
cxeMbi. KomcpeTHbie npuMepw aKTHBHbix 
KOMnoHeHTOB m cxeM, nonyHeHHbix M3 hhx, 6yAyT 
onMcaHbi b cneAytoLMHx npuwiepax. 

a) Ha <$w\6 noKa3aH ahoa c npaMo 
CMeu^eHHbiM pn nepexoAOM c npoBOA*u4"MH m 
nonynpoBOAHMKOBbiMM CTpyicrypaMH, 
cx})opMnpoBaHHbJMH cnocoooM comacHO 
HacTo«Li^eMy u3o6peTeHwo no TOHKonneHOMHotf 
TexHonorviw c MeTbipbM* cy6cnoflMH SS1-SS4. 
CnoM SS2 n SS3 coAepacaT aKTHBHbitf 
nonynpoBOAHHKOBbii^ MaTepnan Me>KAy 
aneiapoAaMH 11 b cooTBeTCTBeHHo cy6cnoax 

551 m SS4. AktmbhwH MaTepnan 10 b cyocnoe 

552 npeACTaanfleT co6ofi nen/tpoBaHHbifi 
AOHopHofi npuMecbio nonynpoBOAHHK, b to 
BpeM« K3K coceAHHM aKTMBHbiM MaTepuan 10' B 
cy6cnoe SS3 npeACTaBnaeT co6ort 
nernpoBaHHbi^ aKijenTopHOti npuMecbio 
no/iynpoBOAHMK. SneicrpoAbi 11 b cnoax SS1 h 
SS4 KOHTa ktm py K)T C ropH30HTa/lbHblMH 
aneiaponpoBOAfliAMMn CTpyicrypaMH mv\ 
npoBOAfliM^MH Aopo>KKaMn 4 b tom we cnoe. 
OTAenbHWM cnotf b CTpyicrype A^OAa na cf)nr.6 
o6bNHo nMeeT TonujHHy npwMepHO 100 hm, TaK 
mto BCfl CTpyioypa o6pa3yeT MHorocnofiHyio 
cTpyKTypy c ToninHHofi MeHbUie, msm 1 mkm. 
ropw30HTanbHafl n poT R)K& h h oct b o6nac™ 
CTpyKTypbt AHOAa 6yAeT onpeAenflTbca 
cnocoooM 0opMnpoBaHMfl npoBOAflcnux m 
nojiynpoBOAH^KOBbix cTpyicryp, ho npn 
Mcnonb30BaHnn, HanpuMep, BHAnworo nnn 
ynbTpacfMoneTOBoro cBeTa Mo>iceT 6biTb 
nonyneHa npoTRweHHOCTb MeHbiue, neM 1 mkm. 

b) Ha c|)nr.7 cxeMaTMHHO noKa3aH noneBoft 
MOn-TpaH3MCTop An« ncnonb30BaHn« b 
HaCTOfllHeM H306peT6HMM , peann30BaHHbiCi 
no/iHOCTbio H3 opraHnnecKoro MaTepnajia b 
TOHKonneHOMHOft TexHonornM. SneiapoA 12 
3aTBopa pa3MeiAeH b cyocnoe SS1 n coeAMHeH 
c ropn30HTa/ibHo^ npoBOAfliMevi CTpyioypoM 9, b 
to BpeMfl KaK cy6cno« SS2 cocTaBJiaeT 
n3onnTop 13 3aTBopa. Aktmbhw^ 
nonynpoBOAHMKOBbiB MaTepnan 10 pa3MeiAeH b 
cy6cnoe SS3 n coBMeu^eH c oneiapoAOM 10 
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3aTBopa. SneKTpoAbi mctoio h cTOKa 14 
pa3MeiAeHbi b cneAyK>iA6M BepxHeM cnoe SS4 h 

COeAUHflJOTCfl ropH30HTaJlbHb)MM 

3jieKTponpOBOA«iMHMH CTpyKTypaMM 9 b tom )Ke 
cnoe. KaxAbi^ H3 cnoeB coAep)KHT nn6o 
3/ieicrponpoBOAfliMne, ^n^o 
nonynpoBOAHMKOBbte cTpyicrypbi, a Taioxe 
AUsneKTpvmecKne o6nacTM. ToniAHHa noneBoro 
MOn-TpaH3ncTopa TaKoro Tuna Mowdi 

COCTaBTIflTb 1/2 MKM, B TO BDeMfl K3K 
npOTfl)KeHHOCTb B ropH30HTaJlbHO« nnOCKOCTH 

TaKan, K3K MoxeT 6biTb pea/iH30BaHa npn 
cyiAecTByioiAeft TexHO/ioruM, paBHaR ot 
MaKCWMyM HecKonbKvix mkm ao Menee neM 1 

MKM. 

c) CTpyioypa nojiesoro MOn-TpaH3MCTopa, 
n pe ACTa an en h a h Ha c^nrJ, MoxeT 6wTb 
ncnorib30BaHa b norvmecKnx cxeMax, HanpuMep, 
norvmecKOM nHBepTOpe b KMOn TexHOJiornn, 
KaK noica3aHo Ha HHBepTop 3Toro BHAa 

4>opMnpyeTcn nyTeM napanneribHoro 

COeAHHeHMfl 3/ieKTpOAOB CTOKa M MCTOKa B 

cooTBeTCTBSHHo n-noneBOM MOn TpaH3MCTOpe 
n p-noneBOM MO(1 TpaH3MCTope b KacKaAHO 
coeAHHeHHOfl KOHct)nrypaL(MM, c o6iamm 
sneKTpoAOM saTBopa. flrifl 3TOR ueriM co3AaHa 
BepTHKanbHafl npoBOAHiMafl CTpyioypa 15, 
npoxoA«mafl nepe3 Bee cy6cjion SS1-SS7 n 
coeAHHajomaa sneiapoAbi 14'. BbixoAHOM 
cuman ot MHBepTopa noAaeTC« na 3Ty 
npoBOAHinyK) CTpytoypy 15 k ropusoHTanbHoi^ 
coeAHHHTeribHofi cTpyioype 9 b /ieBO^ Mac™ 
MepTewa. 06u4Hft sneiapoA 12 saTBopa 
noneBoro MOn TpaH3kiCTopa npMHUMaeT 
BXOAHofl cuman Hepe3 ropn30HTanbHyK) 
npoBOA«iAy>o CTpyicrypy 9 b cy6cnoe SS4 b 
npaBoi^ nacTM nepTexa. ToniAMHa Bcex 
cy6cnoeB 6yAeT TorAa MeHbLue, msm 1 mkm; 
o6biHHO OHa peann3yeTCfl c Tonu4MHoii okojio 0,7 
MKM, B TO BpeMH KaK ropn30HTa/ibHafl 
npoTfl>KeHHocTb nHBepTopa 6yAeT MMeTb 
pa3Mepw, KaK yKa3aHO Bbinie An« CTpyicrypbi 
noneBoro MOn TpaH3MCTopa, noKa3aHHoro Ha 
<£nr.7. 

d. ) AKTHBHbie KOMnoHeHTbi, Taicne KaK 
CTpyicrypbi noneBbix MOn TpaH3MCTopoB, 
noKa3aHHbix Ha cj)nr.7, MoryT 6biTb 
ncno/ib30BaHbi Ana cpopMkipoBaHMfl 
MHTerparibHbix cxeM nyTeM Ha/io>KeHHfl 
cy6onoeB co CTpyioypaMU, KOTopbie kiMeioT 
Tpe6yeMbie sneicrpuHecKne cBowcTBa h 
peariki30BaHbi noJiHOCTbK) no opraHHHecKotf 
TOHKon/ieHOMHOi^ TexHonornn. B nacTHOCTki, 
cneAytoiAnw npiiMep othochtca k norvmecKofi 
cxeMe H, peani430BaHHOi^ no KMOn TexHonornn 
c Mcno/ibsoBaHneM CTpyicrypbi TpaH3HCTopa, KaK 
noKa3aHo Ha ($nr.7. flna nojRCHeHn« Toro, iok 
aKTMBHbie npn6opbi, HanpuMep noneBbie 

TpaH3MCTOpbl, MOryT 6blTb o6-beAHHeHbi B 
MHorocnoMHbix cTpyicrypax b cpyHKi^MOHaribHbie 
npuSopw, KaK HanpuMep norH^ecKne cxeMbi, 
ccbinKn 6yAyT AaHbi Ha cfcnr.9, KOTopaj? 
vwiiocTpupyeT norvmecKyio cxeMy M, 
peann30BaHHyio no KOMnneMeHTapHoft MOn 
TexHonorviM (KMOn TexHonornn). KMOn 
nornnecKafl cxeMa H peannsoBaHa c noMOunbio 
cooTBeTCTBeHHo n-noneBoro MOn TpaH3MCTopa 
m p-noneBoro MOn TpaH3MCTopa ooorau^eHHoro 
Tuna b KaMecTBe KOMMyTMpyiomux npnoopoB. 
flBa BXOAHbix cumana A m B noAaioTcn 

COOTBeTCTBeHHO Ha 3/ieKTpOAbl 3aTBopa Ha 
p-MOn TpaH3MCTOpbl H Q 2 , M 3/ieKTDOAbl 

3aTBopa n-MOn TpaHsncTopoB Q3 m Q4. Ecnn 
06a BxoAHwe cumana A n B MMeiOT bwcokvim 
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ypoBeHb, buxoaho* cviman - 6yAeT MMeTb 

HH3KMfl ypoBeHb. B 3T0M cnyMae 
TpaHSHCTopbi Q 3 v\ Q 4 6y«yT BKnioMeHbi, a 
p-MOH rpaH3ncTopbi Qi h Q 2 GyflyT 
BbiKJiKweHbi, T.e. tok He npoTeKaei", n BbixoAHOti 
CHman - noaTOMy 6yAeT hm3kwm. Ecnn, 

Hao6opoT, KaKOfl-nu6o H3 BxoAHbix cumanoB A 
unu B MMeiOT HH3KH& ypoBeHb, p-MOn 
TpaH3MCTopbi Qi h Q 2 6yAyT BKnKweHbi, h 
BuxoAHofl cnma/1 - nMeeT BbicoKufl ypoBeHb, b 

TO Bp©M« K3K KaKOfi-nn60 MJ1M o6a H3 

nocneAOBaTeribHO coeAHHeHHbix n-MOn 

TpaH3HCTOpOB Q3, Q4 BblKTllOHeHbl, H TOK He 

npoTeKaeT. npn6opbi Qi, Q2, Q3. 
Q 4 peajiH3yK>T ( ksk 6yAeT bmaho, nornMecicyio 
cxeMy HE-H, a MTo6bi peann30BaTb norvmecKyro 
cxeMy H, Heo6xoAMMo coeAMHUTb bwxoa 
nornMecKOM cxeMbi HE-H c norumecKHM 
MHBepTopoM, KOTOpbiw TaK>Ke peann30BaH no 
KM On TexHonornn, cooTBeTCTBeHHO c 
ncnonb30BaHueM p-MOfl KnioMa Q 2 h n-MOJI 
icnioMa Q6, coeAHneHHbix napannenbHO. 3to 
CTaHAapTHbiR KMOn-MHBepTop, \a ecnn ero 
BxoAHoPi cwman - nweeT BbicoKwtf ypoBeHb, to 

ero BbixoAHo^ cuman X 6yAeT 
MHBepTupoBaHHbiM cnmanoM BxoAHoro cumana 
- m noaTOMy 6yAeT UMeTb hm3khm ypoBeHb. 

Hao6opoT, hh3kh& bxoaho« cuman - HM3Koro 

ypOBHfl 6yAeT HHBepTHpOB3H B BblXOAHOfi 

cumaii X BbicoKoro ypoBHH, n sto 
cooTBeTCTByeT cnyMaio, KorAa BXOAHbie cumanbi 
A m B norkmecKOM cxeMbi HE-H 06a HMeiOT 
BbicoKuCi ypoBeHb. flpyruMu cnoBaMn nerKO 
noHRTb, mto cxeMa, noKa3aHHaR Ha c>wr.9, 
peann3yeT norwMecKyio cxeMy M, n 
cnei;uanncTaM b AanHofi o6nac™ TexHMKn hcho, 
k3khm o6pa30M MoryT 6biTb peann30BaHbi 
nornMecKHe cxeMbi HflH n HE-HJ1H c nio6biM 
KonnMecTBOM bxoaob. OAHaKO b npHHmwne, Bee 
EyneBbi 0yHKLjnn MoryT 6biTb peann30BaHbi b 
KOM6nHai^HHX JiorHHecKHX cxeM oahoto Tuna n 
OAHoro Hrm 6onee MHBepTopoB, peanM30BaHHbix 
no KMOn-TexHonorkin, HanpuMep, c 
Mcno/ib30BaHneM CTpyicrypbi TpansncTopa, KaK 
noKa 3 aHHaf? Ha 4>nr.7. 

Ha npaicrwce norvwecKaa cxeMa \A MoweT 
6biTb BbinoriHeHa no TOHKonneHOHHofi 
TexHonornH, KaK noKasano Ha cjM\10a-10d, n c 
ncnorib30BaHneM CTpyicryp noneBbix MOn 
TpaH3ncTopoB, cooTBeTCTByioiMux noKa3aHHOMy 
Ha 0ur.7. ctw.10a-10d noKasbiBaioT norimecKyK) 
cxeMy H, noriHOCTbK) peanw30BaHHyio no 

TOHKOnneHOMHOK TeXHOflOrUM, M C aKTHBHblMH M 

naccHBHWMH npn6opaMn b neTbipex cy6cnoflx 
SS1, SS3-SS5. nepBbiM cy6cnoft SS1 (ct>nr. 10a) 
coAep>KkiT 3/ieiapoAbi 3aTBopa gi-g6, W 
hm)khmPi MHAeKC yKa3biBaeT Ha cooTBeTCTBytomuM 
HHAeKc An« noneBbix MOI1 TpaH3MCTopoB 
Q r Q 6 Ha 0nr.9. BxoAHbie cumajibt A n B 
noAatOTCfl cooTBeTCTBeHHO Ha a/ieicrpoAbi 
3aTBopoB Qi, g3 n g2, g4. m Mepe3 
ropn30HTa^bHbie npoBOAaiMkie CTpyioypbi h/im 
TOKonpoBOAflmne aopcokkh 9. CooTBeTCTBeHHO, 
GJieKTpOAbl 3aTBOpOB gs, g6 b HHBepTope 
coeA^HeHbi c ropn30HTanbHofi TOKonpoBOAfltMevi 
Aopo)KKo« 9. BepTweanbHaa TOKonpoBOA«iMafl 
cTpyicrypa o6o3HaMeHa 15, npunew 
cmmboh a noKa3WBaeT, hto OHa 
pacnpocTpaH«eTcfl BBepx b BepTHKanbHOM 
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HanpaB/ieHUM ot eyecnos SS1. Ha 4>nr.10b 
CUMBO^W A M V nOKa3blBaK)T, MTO BepTMKanbHafl 
npoBOAHmafl CTpyicrypa 15 b cnoe SS3 
paenpoorpaHfleTCfl BepTHKaribHO Mepe3 otot 
cjiom n b o6e CTopoHbi ot Hero. Cxiofi SS3 
coAep)KMT o5xiacTn c aianBHbiMn 
nonynpoBOAHMKOBbiMH MaTepnanaMM 
b rb 6 (cooTBeTCTBeHHO 10 Ha c^Mr.7), KOTopwe 
npeAHa3Ha4eHw cooTBeTCTByioiAMM oneiapoAaw 
3aTBopoB gt-ge b cnoe SS1 n coBnaAaKrr c 
humh. CneAyeT 3aMeTHTb. mto cnoft SS2 
MCKnioHkiTenbHO, Kpowie BepTHKaJibHofi 
npoBOAflLuev^ CTpyicrypbi 15, KOTopaa TajoKe 
pacnpocTpaHReTCfl Mepe3 stot cy6cnoi^ b o6e 
CTopoHbi ot Hero, coctoht M3 AH3JieKTpnMecKoro 
MaTepnana, KOTopbifi o6pa3yeT 06114MM M3onjrrop 
3aTBopa aha no/ieBbix MOn TpaH3ncTopoB 
Q r Q 6 , KOTopbie pea/iM3yioT norvmecKyjo cxeMy 
H. C/iom SS2 pacnonoxeH Me>KAy SS1 m SS3, ho 
He noica3aH Ha nepTewe. Cno^ SS4 cpur.lOc 
HaHeceH noBepx m p«aom co cnoeM SS3 n 

COAep>KMT COOTBeTCTBeHHO 3/ieKTpOAbJ MCTOKOB 

S1-S6, n 3/ie»apoAbi ctokob d^-de A^« 

CCOTBeTCTByJOl^MX nOJieBblX MOIl TpaH3HCTOpOB 

QrQ6- AKTMBHbi^ nonynpoBOAHMKOBbi^ 
MaTepnan di-d6, KOTopbiR pacnono>KeH b cnoe 
SS3, noKa3aH 3Aecb nMHUflMM ujtphxobkki. 
BepTuiKanbHan TOKonpoBOA«LMafl Aopo)KKa 15 
TaioKe pacnpocTpaHseTcn Mepe3 cnofi SS4 n b 
o6e CTopoHbi ot Hero m KOHTaicrnpyeT c 
ropn30HTanbHOM TOKonpoBOA*mefi aopo>kkom 9 b 
cy6cnoe SS5, KaK noKa3aHO Ha cpur. 10d. 3Ta 
rop^30HTanbHa« TOKonpoBOAfliMaw Aopo>KKa 9 
cooTBeTCTByeT coeAHHeHMio Me>KAy 
sneicrpoAaMU ctokob d 2 n d 3 Ann 
cooTBeTCTByiomi/ix noneBbix MOH TpaH3MCTopoB 
Q 2 , 03, \a AononHHTenbHO TaioKe coeAnneHa c 
snetcrpoAOM cTOKa 6^ Ha Q-j. flpyran 
ropn30HTanbHa« to ko n po bo a^ 114a r Aopo>KKa 9 
peann3yeT nocneAOBaTenbHoe coeAHHeHne 
Me>KAy sneiapoAOM MCTOKa S-i Ha Q 3 \a 
sneiapoAOM CTOKa d 4 Ha Q4. SneicrpoAbi 
hctokob s 4 m s 6 3a3eMneHbi nepe3 
AononnnTenbHbie ropki30HTanbHbie npoBOAniAMe 
CTpyicrypbi 9, b to BpeMH KaK na 
ropui30HTanbHyio npoBOA^u^yJO CTpyicrypy 9, 
caMyio A^nbHioio BnpaBO b cnoe SS5, noAaeTCR 
Hanpyi>KeHne V dd> m OHa coeAHHweT sneiapoAbi 

M CT0K3 Si, S 2 , S5 COOTBeTCTBeHHO C Q 1t Q 2 M 

Q 5. flononHHTenbHaa ropn30HTanbHafl 
TOKonpoBOA«iAa« Aopo>KKa 9, cawafl BepxHflfl Ha 
c>)nr.10d, cfeopMMpyeT napannenbHoe 
coeAMHenkie Me>KAy snetapooaMki ctokob d 5 , 
d 6 Ha Q 5 , Q 6 h nnHne« BbixoAa, o6o3HaMeHHo« 
X. BbixoAHoR cuman - ot nornMecKO« cxeMbi 

HE-H, cocTOflme« m O2, 03, Q4, noAaeTCfl 
Ha BepTMKanbHyjo TOKOByio Aopo>KKy 15. Our. 1 1 
cxeMaTMnecKM noKa3bisaeT, KaK BbirnflA*T cnon, 
noKa3aHHbie Ha 0nr.1O b KOHCtDuirypai^MM cTonKM, 
npuneM 3Aecb noKasaH cnoi^ SS2 c n3onflTopoM 
3aTBopa. Ann rchoctm, OAHaKO, CTonKa 
noKa 3 aHa b pa3o6paHHOM bmab b ero OTAenbHbix 
cy6cnoflx SS1-SS5, ho c o6ecneMeHneM 
npaBunbHoro coBnaAeHMfl m HanpaBneHHfl 
BepTHKanbHoCi TOKonpoBOAHiMew aopo>kkm 15 
Hepe3 Ka>KAbift cy6cnoii r mto noKa3aHO 
iDTpwxoBoft nnHneM. Co cnoeM sneiapoAa 
3aTBopa SS1-SS5, cc>opMnpoBaHHOM Ha 
noAno>KKe (Ha AHsneKTpvmecKOM cnoe, He 
noio3aHHOM Ha MepTe>Ke), nonHan CTpyicrypa 
nornHecKO^ cxeMbi H, iok noKa3aHO Ha 0nr.11, 
MoxeT kiMeTb ToniM^Hy 0,75 mkm h rmou^aAb 
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npuMepHO 100 mkm 2 (12.8 mkm 2 ). 06"beM 
cTpyiaypbi paBeH okojio 75 mkm 3 . flpn 
yMepeHHoCH n pocT pa hct Be h hoA pa3pewajomefi 

CnOCOOHOCTM 3TO npMBOflMT K TOMy, MTO OKOJIO 

10000 nornMecKnx cxeM 3Toro bhas MoryT 6biTb 
peariM30BaHbi Ha rinomaAM b 1 mm 2 n c 
TonmHHofi 3HaMHTeribHO MeHbiueCi 1 mkm. flpn 
cooTBeTCTByiou^eM MacujTa6e AnnHa 
TOKonpoBOAfiM^ AopoweK 9, 15 BMecTe 
cocTaa/iReT 60 mkm. 

e) YMeHbiueHMe AnnHbi TOKonpoBOAfliUMX 
Aopo)KeK m 3HaHMTenbHoe ynpomeHue crpyKTypbi 
norviMecKofl cxeMW H MoweT 6biTb AocTumyTO 
nyTeM Hano>K6nnR CTpyioyp noneBoro MOn 
TpaH3MCTopa no BepTMKann, KaK noKa3aHO Ha 
<J>Mr.12. CHOBa ncnorib30BaHbi Te we ccbinoHHbie 
no3ni^nn, mto Ha qbnr.10 m 11. Bmaho, mto 
BepTHKanbHan cTpyioypa norMMecKofi cxeMbi M 
ncnonbayeT tot qbaio, mto aneicrpoAbi 3aTBopoB 
g! n g3 TpaH3MCTopoB Qi, Q3 HaxoAflTC« noA 
oahmm ki TeM >Ke 06114HM noTeHi^nanoM, 

3/ieKTpOAbl 3aTBOpOB Q2 H g4 TpaH3HCTOpOB Q2, 

Q4 noA Apy^M o6[i\um noTeHi4ManoM, n 
aneiapoAbi 3aTBopoB g 5 m g 6 TpaH3ncTopoB Q 5 , 
Qe noA TpeTbkiM 06U4MM noTeHi^nanoM. dosTOMy 

TpaH3MCTOpbl Q-|-Q6 BbinOHHeHbl K3K KMOR 

cxeMbt b napHofi KacKaAHofi KOHCj)VirypauMn c 
ncnonb30BaHneM oGu^nx sneiopoAOB 3aTBopoB 

91. 93: 92. 94i 95. 96 A™ COOTBeTCTByiOlHUX 

CTpyioyp noneBbix MOfl TpaH3ncTopoB Q-i, 0 3 ; 
Q2. Q 5. Q 6- Ka^Aaa KMO(l cxeMa 

cqtopMMpoBaHa Ha n3onupyK>meM cnoe, 
KOTopbi^ Ha cjwr.12 pacnonoweH HMwe Q3, 
Me>KAy Q1 h Q4, n Me>KAy Q2 n Q5 b KawAofi M3 
CTpyKTyp noneBoro MOfl TpaH3HCTopa. 
SneiapoAbi 3aTBopoB g TaioKe n3onnpoBaHbi ot 
MaTepuiana aioMBHoro nonynpoBOAHUKa c 

nOMOLAbKD HeflBHO 0003H3MeHHblX M30nMpyK5LAHX 

cnoeB, KOTopwe coAepwsT cooTBeTCTByKHUMe 

H30JlHT0pb» 3aTB0p0B. ropH30HTa/lbHbie 

TOKonpoBOA^iMne aopowkm Ha cfwr.lO u 11 
Tenepb, no cyi^ecTBy, 3aMeHeHbi 
BepTHKanbHbiMn TOKonpoBOAHiUMMM AopowKaMM, 
KOTopbie npoxoAflT Mepe3 cjiom u ooecnenMBaioT 
TaKoe we coeA^HeHne, KaK noKa3aHo Ha 
3KBMBaneHTHO^ cxeMe Ha <£w\9. B MacTHocTn, 
noxa3aHa TOKonpoBOAHmaa pppoma 15, 
KOTopaw TaKxe peann30BaHa no BepTMKanw b 
KOHCpurypai^nki Ha cf>nr.10 m, K3K 6yAeT bmaho, 
KaK m paHee coeAMHaeT sneiopoAbi 3aTBopoB 
9 5. 96 TpaHSHCTopoB Q 5 , Q 6 c coeAHHeHneM 
Me>KAy 3/ieKTpoAaMn ctokob d 2 , 

d 3 TpaH3MCTODOB Q2, Q3 H 3/ieKTpOAOM CT0K3 

d 1 TpaH3Mcropa Qv 

BepTMKanbHaw cTpyicrypa non/iMecKotf cxeMbi 
H Ha cfwr.12, BK/uoMSJomafl noAnowKy 1, 
co3AaHa m 24 cyoanoeB, H3 kotopwx 6 
OTHOcnTeribHO ToncTwx n3onnpyK)LAHx cnoeB 

06pa3y»0T H30n«TOpbJ 3aTBODOB, a Tpn 

cooTBeTCTBytoii^Mx ToncTbix n3onnpyiou4Hx cnofl 
B3akiMHO ki3onnpyK)T napHbie KOM6nHaL\nn 
CTpyioyp noneBbix MOH TpaH3HCTopoB. npn Tex 
we pa3Mepax, Kax noKa3aHo b onktcaHUM 4>nr.1 1 , 
BCfl cnoxeHHan KOHC{)nrypai^vifl Ha cf)Mr. 12, 
TaKviM o6pa30M, 6yAeT nMeTb Tonu^HHy okotio 3 
mkm, n 6yAeT co3AaHa Ha nnoiAaAH 16 mkm 2 . 
06mnrt o6"beM, TaKviM o6pa30M, cocTaajineT 
MeHee 50 mkm 3 . yMeHbiueHne 06-beMa coct3bmt 
X l% OTHOCklTeJIbHO KOHC^nrypaLiMM, noKa3aHHOfi 
Ha 0nr. 11. Han6onee BaxHo, oAHaKo, mto 
TOKonpoBOAflLMne aodokxm, KOTopwe Ha 
KOH$nrypaL;nM no 0nr.1 1 , c yMeTOM noKa3aHHbix 
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pa3MepoB, 6yAyT HMeTb AnHHy 52 mkm, MoryT b 
KOH(J)MrypaunM no c0nr.12 cocTaBHTb npuMepHO 
15 mkm b onTMMaxibHOM BapnaHTe 
ocymecTBJieHun, mto AaeT yMeHbiueHne 
npuMepHO Ha 70%. B cb*3h c 3Thm, b 

MaCTHOCTM, AOn)KHO 6brTb npMHflTO BO BHHM3HMe, 

mto Ha qbnr.12 AaHO cxeMaTHHHoe 
npeACTaBfieHMe n mto BepTMKanbHbie 
TOKonpoBOAfliMMe aodo>kkm b33mmho CMeiAeHbi b 
ropn30HTa/ibHoK nnocKocTM pj\n 5onbiue^ 
MeTKOCTn M3o6pa)KeHMH. Ohm MoryT, OAHaKo, 
newaTb b tov^ >Ke nnocKocTM, napannenbHoft 
oahom H3 6okobwx noBepxHOCTePi CTpyioypbi. 

B paMKax coBpeMeHHOM TOHKoaneHOMHO^ 
TexHO/iornn m ncnonb3y$? BbiiueonMcaHHbie 
TexHOJiorvin co3AaHnn sneioponpoBOAniMux n 
nonynpoBOAHMKOBbix CTpyioyp a tohkux n/ieHKax 
nyTeM o6;iyMeHn« npeo6pa3yeMbix 
opraHUMecKvix MaTepna/ioB, Bno/ine bo3mo>kho 
yMeHbwuTb riHHe^Hwe pa3Mepw b 
ropn30HTaribHOM HanpaBneHMH, TaK mto 

nnOTHOCTb KOMnOHeHTOB MO>KeT 6blTb 

yBeriHMeHa, no MeHbiueR Mepe, Ha pamh 
nopHAOK no BenuMMHe. 3to npuBOAMT k TOMy, 
mto KOHqburypai^nfl no cf)nr.11 MOxeT 
peariM30BaTb okojio 10 5 norviMecKnx cxeM 
noKa3aHHoro Tuna Ha 1 mm 2 m npn TonunwHe 
enow 3HaMHTeribHO MeHbiue 1 mkm, b to BpeMR 
KaK KOHqbnrypaL(na no c})nr.12 MOxeT 
peann30BaTb oKono 6.10 5 BeHTune^ Ha Totf we 
nnoiAaAn c HecKonbKO xiyMUJMM KosqbqbuuvieHTOM 
cpopMbi, TaK mto yBejiMMeHkie anoTHocTM 
npuSopoB AocTuraeT 50% OTHocnTe/ibHO 
nnoTHOCTM npn6opOB b KOHcf)kirypai4Hki no 
qbnr.11. 

B cnoco6e Ana npeo6pa30Bannfl c 
ncnorib30BaHneM o6nyMeHHfl npoHBrweTCH b 
Manoi^ cTeneHM v\m coBceM He npoflBnaeTcn 
nepeHoc MaTepktana b cjioh m H3 cnoeB, rAe 
npoMcxoAHT npeo6pa30BaHne, m cneACTBMeM 
Mero flBJiflK)TC« OMeHb Manbie o6"beMHbte 
n3MeHeHMfl b Mcnonb3yeMbix MaTepnajiax. C 
ocHOBaHkieM nnocKoR CTpyioypbi, nnocKaw 
qbopMa coxpaHfleTCfl b bwcokom cTeneHM TaioKe 
b Tex cjiyMaax, rAe ncnorib3yK)TCfl 
MHorocnoMHbie CTpyioypbi MaTepnaxioB. 3to 

B3)KH0 Ann 3TanOB CTpyKTypMpOBaHHfl, 

nocKonbKy poBHafl nnocKan cfjopMa 
6naronpnflTHa An« nonyMeHMfl bwcokoPI 
npocrpaHCTBeHHoPi pa3peiuaK)U4eCi 
cnoco6HOCTH. 

B npHHUkine, 3Tan o6pa6oTKn b cnoco6e 
qbopMMpoBaHHfl cornacHO HacTORi^eMy 
M3o6peTeHHK3 MoweT 6biTb peann30BaH KaK 
coBMecTHMbiPi c o6pa6oTKO& no npnHi4nny c 
ponwKa H3 poriMK ahji HenpepbJBHOM neHTbi, 
kotopsh noAaeTCH no ponnKaM 16, ksk 
cxeMSTMMHO noKa3aHO Ha 0nr.13. Ha nepBOM 
3Tane npoqecca nponcxoAHT nocnofiHoe 
ocaxASHne qboTonpeo6pa3yeMoro MaTepHana 
Ha rn6KyK) noAnowKy 1, 3Aecb b cfcopMe Tpex 
cnoeB, nOM 1t nOM 2 , nOM 3l rAe 
qboTonpeo6pa3yeMbiPi mum npeo6pa3yeMbiM 
o6nyMeHMeM MaTepMan nOM b KawAOM cnoe 
MMeeT p33/iMHHyK) cneKTpanbHyK) peaKi^MK), 

HanpMMep, COOTBeTCTBeHHO AHMHaM 

BO/1H X 2 - ^3 0C3>KAeHMe 

4>OTonpeo6pa3yeMoro MaTepMana nOM MoweT 
npoMSBOAMTbcn, HanpMMep noKpbiTMeM npM 
norpyweHMM b KOHTetiHepbi, rAe 
4>OTonpeo6pa3yeMbifi MaTepMan noAaeTcq b 
qbopMe pacTBopa. Ha noAnowxe qbopMMpyeTCfl 
MHorocno^HajR orpyioypa MCC, o6pa3yioii^a« 
cocTaBHyK) MaTpMi^y. OHa noAaeTCfl nocne 
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AononHHTe/ibHofl nocTo6pa6oTKH (He noKa3aHa) 
Ha 6apa6aH 17, rAe Ha BHyTpeHHeft dopoHe 
HenpepbiBHOM neHTbi b cooTBeTCTBeHHo nepBOM, 
btopom h TpeTbeM ceiaopax S 2i S 3 Mepe3 
wacKM 7 1( 7 2 , 7 3 Ana cfrapMnpoBaHHH wenaeMoro 
iua6noHa nnn npocTpaHCTBeHHbin" MOAynflTop 
cseTa npoM3BOAMTCfl cTpyKTypupoBaHne cnoeB 
f10Mi, nOM 2 , nOM 3 c Tpe6yeMbiMH 
3/ieiaponpoBOAflU4MMn nnn 
nonynpoBOAHMKOBbiMM cTpyicrypaMH. MacKH 7 
win npocTpaHCTBeHHbie MOAyn^ropbi CBeia 
MoryT 6biTb o6ecneneHbi Ha cobmbctho 
BpaiMaiou4eMcn 6apa6aHe 18, ycTaHOBneHHOM 

BHyTpM TaK, MT06bl OnTHMaJIbHafl 

npocTpaHCTBeHHas pa3pewaiomafl cnoco6HOCTb 
rapaHTupoBa^acb BHyTpn speMeHHoro OKHa 
wenaeMofi BbiAepwKH. Me>KAy MacKaMH 7 n 
LjeHTpow Bpaii^eHkin 6apa6aHOB 17, 18 
ycTaHOBJieHbi hctomhhkm CBeTa (He noKa3aHbi) 
Ana 3KcnoHupoBaHnn, h, bo3mo>kho, onTMHecKne 
npn6opbi, HanpHMep, Ann KoppeKi^nn nona, 
KonnHMatjHH h T.n. AnbTepHaTHBHO hctomhhkh 
CBeia (He noKa3aHbi) MoryT 6biTb Bbino/iHeHbi 
cxDBMecTHO c MacKaMH, HanpHMep, b (popMe 
MaccHBa /ia3epHbix a^oaob; h SKcnoHHpoBaHHe 
npokicxoAMT b pexcuMe 6nn>KHetf 30Hbi. KorAa 
qacTb neHTbi, KOTopaa Aon>KHa coAepacaTb 
noiiHyio cxeMy HC, coBnaAaeT c MacKon" 1<\ b 
ceiaope Si, Ha cnofi KOM-i, 6nn>KaHLiJHH k 
noAno>KKe, Ann CTpyicrypHpoBaHHfl MoweT 6biTb 
M36npaTenbHO HanpaBneH cBeT c AnnHOH BoriHbi 
x 1( b cneAyioineM ceiaope S 2 npoH3BOAHTca 

HanpaB/ieHMe CBeTa c AnHHOfl bojihw k 
BbiwenewameMy cnoio KOM 2 , h b cneAyiomeM 
ceicrope S 3 , HanpHMep cawioM BepxHeM, k cnoio 
KOM3 CBeTa c ahhho^ BonHbi x 3 . flwarpaMMa 
peaKUHM 0OTonpeo6pa3yeMbix MaTepnanoB 
nOM}, (10M 2 , (10M 3 cxeMaTMMHo npeAcrraBneHa 
Ha 4>nr.14 Ann paccMaTpHBaeMbix ahmh 
BonH \ 2 > x 3- Ecflkl MHorocnofiHbie CTpyioypbi 
MCC c0opMnpoBaHbi Ha npo3paHHoR noAnowKe 
1, o6nyHeHne MoweT npon3BOAMTbcn npn6opaMM 
(He noKa3aHbi) CHapy>KH paAHanbHO b cTopoHy 
L^eHTpa 6apa6aHa 17, b o6paTHOM nopaAKe no 
cpaBHeHMK) c TeM, KaK noKa3aHO Ha cfwr. 13, a 
MMeHHO CBeTOM c AnHHotf BonHbi x 3 b nepBOM 
ceicrope, h T.n. OAHaxo cneAyeT nonaraTb, mto 
peanki3aL|Hfi o6pa6oTKM no npHHi^Mny c ponwa 
Ha ponMK npouje Bcero peanHsyeTca, KaK 
noK33aHO Ha <$>Hr.13, Ann nonyMeHUH TOHHoro 
coBnaAeHMfl h coBMecn-ioro BpameHHfl 
MacoK/npocTpaHCTBeHHbix MOAynflTopoB h 

HCTOHHHKOB CBeTa BO BpCMfl SKCnOHHpOBaHHfl. 

flocne STana SKcnoHHpoBaHHH h 
CTpyKTypupoBaHkifl MHorocnoHHaa CTpyioypa 
MCC BbixoAMT c aneKTpoHHbiMH cxeiwaMM HC, 
Ha 0nr.13 o5o3HaneHHbiMn KaK HC k+1 , WC^, 
klCK+1..., co3AaHHbiMM b cnoweHHon 
KOHc^HrypatjHH, h neHTa noAaeTcn Aanee k 
AononHHTenbHbiM pa6osnM cTaHi^HAM (He 
noKa3aHbi) Ann, HanpkiMep, pa3pe3aHnn nnvi 
pa3AeneHMR Ha OTflenbHbie cxeMbi HC. 

06pa6oTKa oTAenbHbix cnoeB, T.e. co3AaHne 
aneKTponpoBOAfliMHX W nonynpoBOAHMKOBbix 
CTpyicryp, MO)KeT TaiOKe nponcxoAHTb b 
OTAenbHbix nMHMflx, peann3yioiMnx o6pa6oTKy 
no npnHi^nny c ponHKa Ha ponHK, TaK HTo6bi 
Ka)KAt>ift enow noABeprancn npoL^eccaw 
0oTonpeo6pa3OBaHH« b paaHbix nkiHkinx. 3aTeM 

MOJKeT npOkl3B0AHTbCfl nOAXOAni^aH B03MO)KHafl 

nocTo6pa6oTKa \a KoppeKTMpoBKvi, HanpHMep 
TepMoo6pa6oTKa ao tofo, KaK Ka>KAbi« 
OTAenbHbiM cnofi 6yAeT o6"beAHHeH b 
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MHorocnoiteyio cTpyoypy Ann o6pa30BaHnn 
cno>KeHHo« cxeMHofi KOH<J)nrypamiM. B 
npMHi^Mne, o6pa6oTKa TaKoro BMAa wo>KeT 
npon3BOAHTbcn Ha o5opyAOBaHnn, KaK noKaaaHo 
Ha c})Mr.3. Mto KacaeTca cTpyKTypupoBaHHfl 
OTAenbHbix cnoeB, nepewemeHHe nMHMM 

A0n>KH0 6blTb npMHflTO BO BHHMaHHe An« 

AOCTHJKeHMq onTMManbHOM npocTpaHCTBeHHO& 
pa3peiua»OLHe« cnoco6HOCTM Tpe6yeMbix 
CTpyicryp, c})opMnpyeMbix nyTeM 

4)OTonpeo6pa30BaHM«. 

riyTeM, Hanpuwiep, ncnonb30BaHnn 
opraHMMecKHX MaTepnanoB b cnonx m co3AaHkiR 
sneiaponpoBOAfliMux h nonynpoBOAHHKOBbix 
CTpyicryp c npeo6pa30BaHneM m o6nyMeHneM 
cornacHO HacTowu^eMy n3o6peTeHHK) MoxeT 
6biTb peanw30BaHO ropa3Ao 6onee npKJCToe h 
AeiueBoe npoM3BOACTBo sneKTpoHH wx 

npn6opOB, MeM TO, KOTOpoe B03MO)KHO npM 

HbiHewHefi TexHonorviM HeopraHHHecxvix 
nonynpoBOAHMKOB. Ecnvi npw M3roTOBneHnn 
cxewi ncnonb3yeTcq o6opyAOBaHne, 
peann3yiomee npnni4nn c KaTyniKH Ha KaTyoiKy, 
KaK noKa3aHO Bbitue, to npon3BOACTBO MoxeT 
ocymecTBnnTbCfl c 6onbiunM o&beMOM m 

BblCOKO^ CKOpOCTbK) n 6e3 CyiAeCTBeHHblX 

orpaHMMeHMw no pa3MepaM. i1pn coeA^HeH^H 
OTAenbHbix cnoeB b MHorocnoftHyio CTpyicrypy m 
4>opMMpoBaHMn Hano>KeHHO^ KOHc}3nrypaunM 
npnHi^nnnanbHO Ba>KHbiM nsnneTCH coBnaAeHMe 
Me>KAy cnoflMM, MTo6bi rapaHTMposaTb B3anMHoe 
coBnaAeHHe BepTHKanbHbix npoBOAfliA^ 
CTpyicryp b OTAenbHbix cnoax m coBnaAeHHe, 
HanpHMep, sneiapoAOB m aKTMBHbix 
nonynpoBOAHMKOBbix MaTepwanoB b 
nonynpoBOAHMKOBbix CTpyicrypax. Tpe6oBaHH« 
Ann tomhoctm coBnaAeHMfl 6yAyT 3aAaBaTbcn 
luaroM, KOTopbitf MO>KeT 6biTb peann30BaH npw 
M3roTOBneHHM 3neKTponpoBOA«L4nx h 
nonynpoBOAHUKOBbix crrpyKTyp. Ohm MoryT TaiOKe 
6biTb peann30BaHbi nyTeivi ncnonb30BaHHfl 
HHTepc}>epoMeTpnHecKHX cnoco6oB Ann 
ynpaBneHMfl m no3HL^noHnpoBaHHfi, onTHHecKvi 
3anncbiBaeMo^ MapKitpoBM vsva MexaHkiMecKOH 
nnki sneKTpMMecKOH naHOTexHonorviM. TaK^e 
MeponpHflTkia, OAHaKO, He bxoaht b o6"beM 
HacToqu^ero nso6peTeHMq m nosTOMy He 
o6cy>KAaK)TCfl 6onee noApo6HO, ho A°n>KHbi 
paccMaTpMBaTbefl KaK H3BecTHbte cneL^HanMCTaM 

B A3HH0M 06naCTM TeXHMKM. 

EcnH ncnonb3yeTcn npocTpaHCTBeHHO 
perynnpyeMbi^ hctohhhk H3nyneHHfl, nanp^Mep, 
b BkiAe MaTpHijbi, npoTOKon An« AaHHon 
KOHCpkirypai^kiM cxeMbi & MHorocno^HO^ 

KOHCTpyiqklH MO)KeT 6blTb CC()OpMHpOBaH 

AHCT3HI4HOHHO OTHocHTenbHO MecTononoKeHHW, 
rAe ocymecTanneTCfl M3roToaneHne cxeMbi, h 
nepeAaH TyAa Ann sarpyaKvi, HanpHMep, b 
ycTpo^CTBO ynpaBneHHw, KOTopoe ynpaBnneT 
(J>opMnpoBaHMeM CTpyicryp 0n3HHecKnx cxeM Ha 
MecTe b npoL^ecce npon3BOACTBa. 
nonb30BaTenb MoweT t3khm o6pa30M 
0opMnpoBaTb m M3roTaBnnBaTb cxeMbi c 
ncnonb30BaHneM AHCTaHi^noHHo^ o6pa6o™ 
cornacHO co6cTBeHHbiM cneukictHKauMFiM npocTo 
nyTeM nepeAaHM Heo6xoAHMbix KOMaHA h 
HHcfxDpMai^HM. HacTonu^ee H3o6peTeHne Mo>KeT, 
TaKHM o6pa30M, o6ecneHHBaTb KOHi^eni^Hio 
npon3BOACTBa HHTerpanbHbix cxeM npHicnaAHOH 
opMeHTai^MM m 3aKa3Hbix HHTerpanbHbix cxeM. 

OopMyna M3o6peTeHH«: 

1. Cnoco6 CjJOpMHpOBaHHfl KOM6hH314HH 

sneKTponpoBOAfliMHX h nony n poboah h ko b wx 
TpexMepHbix CTpyicryp b coct3bhoh MaTpnue, 
coAepwameft* ABa hjih 6onee MaTepnanoB, 
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o6ecneMeHHbix b npocrpaHCTBeHHO OTflenbHbix n 
oflHopoAHbix cTpyioypax MaTepM&noB, npMMeM 
MaTepMana b otbst Ha noAany sneprMM MoryT 
noABepraTbCfl onpeAeneHHWM cJ)M3MHecKMM 

kl/HJlM XHMMM8CKMM M3MGH8HMAM COCTOHHMH, 

KOTopwe Bbi3biBaK)T nepexoA us oneiapuMecKM 5 
HenpoBOAHinero coctohhma b sneicrpMnecKM 
npoBOA^iMee n/nnn nonynpoBOAHMKOBoe 
cocTOHHMe nnn Hao6opoT mjim n3MeHeHne b 
pe)KMMe sneicrpMHecKofl npoBOAMMocTM 
MaTepMana, nptmeM CTpyicrypbi MaTepMana ^ 
4>opMMpyK)T b (fcopwe tohkhx c/ioeB nyTeM 
06-beAHHeHHH AByx nnn 6onee cnoeB b 
cnoMCTyio MHorocnoMHyio crpyicrypy, KOTopan 
o5pa3yeT cocTaBHyio MaTpkmy c kom6mh3 Line£i 
aneKTponpoBOAfliMUX h/mjim 
nonynpoBOAHMKOBbix TpexMepHbix CTpyicryp, npn 75 
3tom MHorocnoflnyio CTpyicrypy 0opMnpyK)T 
nyTeM nocneAOBaTenbHoro ocaweHun AByx una 
6onee cnoeB c o5pa30BaHneM KOHCJwrypauMM 
CTonKn Ha Hecyu^ew noAnowe, OTn^naioiuMMCfl 

TeM, HTO Cf)OpMMpyK)T KOM6MHaL^HK) AByMepHbix 

sneicrponpoBOARiMMX m nonynpoBOAHMKOBbix 20 
crpyKTyp b cnoe HenocpeACTBeHHo nocne 
oca>KAeHMfl cnon Ha noAno>KKe nnn Ha coceAHeM 
cnoe ki ao oca>KAeHMfl cneAyiomero cnofl Ha 
nepsbiB ynoM«HyTbi^ cnoPi nyTeM o6nyneHMfl 
Ka>KAoro cnoa n3nyweHneM c 3aAaHHofi 

MHTeHCHBHOCTbfO Vim HaCTOTHOM 25 

XapaKTepMCTMKOCl, COOTBGTCTByK>mWM 

onpeAeneHHOM peaKL\nn MaTepMana Ha 
SHeprwo, o6ecneMMBaeMyio nsny^eHneM, 
ocyu^ecTBnflioT npocTpaHCTBeHHyio MOAynHLjMio 
b KaxAOM cnynae comacHo onpeAeneHHOMy 3Q 
npoTOKony, KOTopbifi npeACTaBnReT 3apaHee 
onpeAeneHHyKD KOHC^nrypai^MK) 
sneicrponposoAfliMUX v\ nonynpoBOAHMKOBbix 
CTpyirryp b paccMaTpuBaeMOM cnoe, 
nocpeACTBOM Mero b oTBeT Ha sHeprwo, 
noAaHHyio M3nyqeHMeM, 0opMnpyK)T 35 
K0M6HHaUMK) AByMepHbix npoBOAfliM^x M 
nonynpoBOAHMKOBbix CTpyicryp b cnoe c 
KOH4)kirypai^Me^, 3apaHee onpeAeneHHofl 
npoTOKonoM, Ann nonyneHMH cocTaBHotf 

MaTpHl^bl, (Xt)OpMMpOBaHHOCl OTAenbHbIMM 

coceAHnwin cnoHMH c KOM6nHai^nefi AByMepHbix 
sneJCTponpoBOAfliMMX m nonynpoBOAHMKOBbix 
crpyKTyp c K0M6MH3L(MeM sneicrponpoBOAflmMX n 
nonynpoBOAHMKOBbix TpexMepHbix crpyKTyp. 

2. Cnoco6 no n. 1, omnMaioiniiftcfl reM, hto 
aneKTpoMamnTHoe nsnyneHne, Mcnonbsyewioe 
Ann ofriyHeHHH, Bbi6npaiOT H3 OAHoro v\m 
6onee cneKTpajibHbix AMana30HOB 
raMMa-n3nyMeHMfl ( peHTreHOBCKoro M3nyMeHMH, 
ynbTpacf)MoneTOBoro nsnyneHun BMAMMoro 
CBeTa, HHCppaKpacHoro Hnn MMKpoBonHOBoro 
M3nyMeHMJi. 50 

3. CnocoS no n. 1 , OTnkmaioinnficfl TeM, hto 
n3nyHeHne nacTMLi, Mcnonb3yeMbix Ana 
o6nyMeHkifl, Bbi6npai0T H3 oahoto nnn 6onee 
cneAyfOL^nx TkinoB nacTui^: sneMeHTapHbie 

MaCTML^bl, BKillOMafl npOTOHbl, HeC^TpOHbl M 

sneiapoHbi; MOHbi, MoneKynbi n arperaTHbie 55 
MacTni^bi MaTepnana. 

4. Cnoco6 no n. 1, OTnwMaiOLAutfcR TeM, mto 
npocTpaHCTBeHHyio MOAynnqnjo M3nyMeHM« 
ocyu^ecTBnfiioT b nnocKOCTn, no cyujecTBy 
napannenbHOM cnoio, nocpeACTBOM MacKM, 
iua6noH KOTopoK BbinonHntOT comacHo 60 
onpeAeneHHOMy npoTOKony, npMMeM MacKa 
MOAynnpyeT nHTeHCMBHOCTb n/nnn c{)a3y 
naAa»oiAero Ha Hee M3nyMeHkifl, Ann co3AaHMfi 
K0M6nHaL4nn AByMepHbrx 3neKTponpoB0A«iMnx m 
nonynpoBOAHMKOBbix CTpyioyp b cnoe. 

5. Cnoco6 no n. 1, omnqaiomntfcR TeM, hto 
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npocTpaHCTBeHHyio MOAynnijMK) n3nyMeHM« 
ocymecTanaioT b nnocKOCTM, no cyiAecTBy 
napannenbHofi cnoio, nyTeM KOHi^eHTpai^MM 
nanyneHUfl b nyn c pasMepaMki, coBMecTkiMbiMki 
c paaMepaMM sneiaponpoBOAfliA^x n 
nonynpoBOAHUKOBbix CTpyirryp, h o6ecneMMBaioT 
cKaHMpoBanne cnon stmm nynoM, KOTopbiM 
MOAynnpyioT no m HTeHcvi bhoctm comacHo 
onpeAeneHHOMy npoTOKony aha C03AaHHfl 
KOM6nHaL\nn AByMepHbix sneicrponpoBOAHiUHx M 
nonynpoBOAHMKOBbix CTpyioyp b cnoe. 

6. Cnoco6 no n. 1, OTnkmajomi/iMCH TeM, hto 
oAHy Hnn 6onee AByMepHbix 
3neKTponpoBOA«iAnx m nony n pobo ah n ko b bix 
CTpyicryp 4>opMnpyioT b cnoe, TaK mto6w 
ynoMHHyTafl CTpyioypa kinn CTpyioypbi comacHo 
npoTOKony coBnaAanw c oahom unH 6onee 
AByMepHbiMM sneiaponpoBOAniMUMH n 
nonynpoBOAHMKOBbiMH cTpyKTypaMM b 
coceAHeM, y>Ke oca>KA6HHOM cnoe, nocpeACTBOM 
wero cJxDpMnpyioT oahh nnn 6onee 
BepTHKanbHbix sneiaponpoBOAfliMux n 
nonynpoBOAHMKOBbix KaHanoB b nonepenHOM 
HanpaBneHHn wepe3 anon. 

7. CnOC06 C{)OpMMpOBaHMR KOM6MHai^MH 

sneiaponpoBOAniAnx n/nnn 
nonynpoBOAHMKOBbix TpexMepHbix CTpyicryp b 
cocTaBHOM MaTpuqe, coAep>Kai^eM ABa MnM 
6onee MaTepManoB, o6ecneneHHbJX b 
npocrpaHCTBeHHO oTAenbHWX m oAHopoAHbix 
CTpyioypax MaTepManoB, npMMeM MaTepManbi b 
OTBeT Ha noAa^y 3HeprMM MoryT noABepraTbcw 
onpeAeneHHbiM 0M3MHecKMM ki/MnM XMMMnecKMM 

M3MeHeHMflM COCTOflHMfl, KOTOpbie Bbl3blBaiOT 

nepexoA M3 sneiapMMecKM HenpoBOA«iMero 
cocTORHMfl b sneicrpMMecKM npoBOAflinee M/Mnn 
nonynpoBOAHMKOBoe cocTOAHMe MnM Hao6opoT 
MnM M3MeHeHMe b pe>KMMe sneKTpMHecKOM 
npoBOAMMOCTM MaTepMana, npM stom CTpyioypbi 
MaTepMana c^opMMpyioT b $opMe tohkmx cnoeB 
nyTeM o6"beAMHeHMfl AByx mjim 6onee cnoeB b 
cnoMCTyio MHorocnotfHyio CTpyioypy, KOTopan 
o6pa3yeT cocTaBHyio MaTpML^y c KOM6MHau|Me^ 
aneiaponpoBOAfliAMX M/nnM 
nonynpoBOAHMKOBbix TpexMepHbix CTpyicryp , 
npMHeM MHorocnoMHyio CTpyioypy cf>opMMpyioT 
nyTeM Hano)KeHMfl AByx mxim 6onee 
caMonoAAepxMBaHDL^MXCfl cnoeB b 

KOH(J)MrypaiJMK) CTOnKM, OTnMHaiOU^M^Cfl TeM, MTO 

cJ)opMMpyioT KOM6MHauMK> AByMepHbix 
3neiaponpoBOA«iMMX m/mjim 
nonynpoBOAHMKOBbix CTpyicryp b cnoe nepeA 
TeM, KaK cnoM Hano>KeH Ha coceAHMC^ cnoPi, 
o6nyHaioT ksdkawm cnoft Msny^eHMeM c 

33A3HH0M MHTeHCMBHOCTbK) MnM HaCTOTHOft 
XapaKTepMCTMKOM, COOTBeTCTByK)LI|MM 

onpeAeneHHo^ peaKL4MM MaTepMana Ha 
SHeprMio, o6ecneHMBaeMyio MsnyneHMeM, 
ocymecTBnfliOT npocTpaHCTBeHHyio MOAyn^uMK) 
M3nyneHMfl b k3>kaom cnynae comacHo 
onpeAeneHHOMy npoTOKony, KOTopbi^ 
npeACTaBnReT aapaHee onpeAeneHHyio 
KOHcpMiypai^MK) aneiaponpoBOAfli^Mx M/Mnn 
nonynpoBOAHMKOBbix CTpyicryp b cnoe, 
nocpeACTBOM nero b OTBeT Ha sneprMio, 
noAaHHyio MSJiyneHMeM, 4>opMMpyioT 
K0M6MHai^MK> AByMepHbix npOBOARLAMX M/kinM 
nonynpoBOAHMKOBbix CTpyicryp b cnoe c 
KOH^Mrypai^Me^, sapaHee onpeAeneHHOM 
npoTOKonoM, nocpeACTBOM nero cf>opMMpyioT 
cocTaBHyio MaTpMqy, o6pa30BaHHyio 

OTAenbHbIMM CnOflMM C AByMepHbIMM 

aneiaponpoBOARiMMMM m/m^m 
nonynpoBOAHMKOBbiMM cTpyicrypaMM, An« 
nonyneHMn kom6mh3L^mm 3neiaponpoBOA«iHMx 
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m/hjih nonynpoBOAHHKOBbix TpexMepHbix 
CTpyicryp. 

8. Cnoco6 no n. 7, omHMaioinHficfl TeM, mto 
ajietapoMamnTHoe H3nyHeHHe, ncnonb3yeMoe 
aha o6/iyMeHMfl, Bbi6npaioT H3 OAHoro hjih 
6onee cneKTpanbHbix A*ana30HOB 
raMMa-H3nyHeHHH, peHTreHOBCKoro HsnyneHHH, 
ynbTpacJwoneTOBoro H3nyMeHHfl, bhahmoi-o 
CBeia, HHcfcpaicpacHoro win MHKpoBonHOBoro 

H3nyHeHHfl. 

9. Cnoco6 no n. 7, ornHMaiomHtfcfl TeM, mto 
n3/iyMeHne nacTui^, ncnonb3yeMbix Ann 
o&nyneHHfl, Bbi6npaK)T H3 OAHoro nnn 6onee 
cneAyKDmux TunoB nacTHLi: ajieMemapHbie 

MaCTMl^W, BKHIOMaR npoTOHbi, HeHTDOHbl H 

sneicrpoHbi; hohw, Moneicynw h arperaTHbie 
MacTML|bi MaTepnana. 

10. Cnoco6 no n. 7, OTnHMaiomHHCfl TeM, mto 
n pocT pa h ct Be h Hy io MOAynaijHK) H3nyMeHHH 
ocymecTB/iflioT b nnocKocTH, no cymecTBy 
napannenbHOH cnoio, nocpeACTBOM MacKH, 
tuafrnoH KOTOpotf BbinoriHWJOT comacHO 
onpeAeneHHOMy npoTOKony, npHMeM MacKa 
MOAynnpyeT HHTeHCHBHocrb h/wih dpazy 
naAaiou^ero Ha Hee H3nyMeHHH ati« co3AaHHH 
KOM6nHaukin ABywiepHbix 3/ieicTponpoBOAfliMMx 
h/wih nonynpoBOAHHKOBbix CTpyicryp b cnoe. 

1 1 . Cnoco6 no n. 7, oTnvma\ou\\AV\cn TeM, mo 
npocTpaHCTBeHHyK) MOAynaLjHio nanyMeHun 
ocyu^ecTB/iwioT b nnocKocru, no cyu^ecTBy 
napannenbHOH cnora, nyTeM KOHL\eHTpai|Hki 
H3nyHeHHH b nyn c pa3MepaMH, coBMecTHMbiMH 
c pa3MepaMM sneicrponpoBOAflmnx n/nnn 
nonynpoBOAHHKOBbix CTpyicryp, h o6ecneHHBaioT 
cKaHnpoBaHne cnoa sthm nyMOM, KOTopafi 
MOAynnpytoT no HHTeHCHBHOCTH comacHO 
onpeAeneHHOMy npoTOKony Ana cosAaHHH 
K0M6nHai^nn AByMepHbix sneicrponpoBOAHiUHX 
n/nnn nojiynpoBOAHMKOBbix CTpyicryp b cnoe. 

12. Cnoco6 no n. 7, omnMaioii^n^cn TeM, mto 
o5ecneHHBa»oT no3HUHOHHpoBaHne cno« npn 
HanoweHHM Ha coceAHHfi cnon TaK, HTo6bi OAHa 
nnn 6onee AByMepHbix snetcrponpoBOAfliunx 
ki/nnn nonynpoBOAHHKOBbix CTpyKTyp b nepBOM 
ynoMAHyTOM cnoe comacHO npoTOKony 6binn 
coBMeu^eHbi c oahoH mw 6onee AByMepHbiMH 
aneKTponpoBOAflLA^MH n/nnn 
nonynpoBOAHMKOBbiMki CTpyicrypaMH b coceAHHx 
cnowx, nocpeACTBOM nero qbopMnpyioT oahh nnn 
6onee BepTHKanbHbix sneicrponpoBOAfliAHX m 
nonynpoBOAHHKOBbix KaHanoB b nonepeMHOM 
HanpaBneHnn nepe3 cnon. 

13. Cnoco6 <J>opM^poBaHMfl KOM6nHat4Hn 
aneKTponpoBOAfliMMX n/unn 
nonynpoBOAHHKOBbix TpexMepHbix CTpyioyp b 
coct3Bhoh MaTpMLje, coAepxametf ABa nnn 
6onee MaTepnanoB, o6ecneneHHbix b 
npocTpaHCTBeHHo oTAenbHbix h oahopoahwx 
CTpyjcrypax MaTepnanoB, npnneM MaTepnanw b 
OTBeT Ha noAany sneprnn MoryT noABepraTbca 
onpeAeneHHbiM cf)H3HHecKHM n/nnn xhmhmbckhm 

H3MeHeHHflM COCTOHHHH, KOTOpbie Bbl3blBaiOT 

nepexoA H3 sneicrpHMecKH HenpoBOAflmero 
coctohhhh b sneicrpHnecKH npoBOAfltnee n/nnn 
nonynpoBOAHMKOBoe cocTORHHe vinn Hao6opoT 
win H3MeHeHne b pexHMe aneiapHMecKoi^ 
npoBOAHMOCTH MaTepHana, npn stom cTpyicrypbi 
MaTepHana ct)opMnpyK)T b cpopMe tohkhx cnoeB 
nyTeM o6*beAHHeHHfl AByx nnvi 6onee cnoeB b 
cnoHCTyjo MHorocnoHHyio crpyicrypy, KOTOpaa 
o6pa3yeT cocTaBHyio MaTpw^y c KOM6nHai^nen 
3neiaponpoBOA«iMHx n/nnn 
nonynpoBOAHHKOBbix TpexMepHbix CTpyioyp, 
npHHeM MHorocno^Hyio CTpyicrypy c}>opMHpyioT 
nocneAOBaTenbHbiM oca>KAeHHeM AByx nnn 
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6onee cnoeB b KOHcfcnrypaLjMio CTonicn Ha 
HecyiMei^ noAnoxKe nnn nyTeM HanoweHna AByx 
nnn 5onee caMonoAAepwnBaiomHxcfl cnoeB b 
KOHC|)HrypauHio CTonKH, OTnHHaiomHficfl TeM, mto 

C})0pMHpyiOT KOM6HHai4HK) AByMepHblX 

3neKTponpoBOA«iMHX n/nnn 
nonynpoBOAHHKOBbix CTpyioyp b cnoe nocne 
oca>KAeHHR Bcex cnoeB b KOHcf)Hrypai4H»o CTonKH 
Ha noAno>KKe nnn nocne cnoKeHun Bcex cnoeB b 
KOHCpHrypai^Hio CTonKH nyTeM oSnyneHHH OAHoro 
nnn 6onee, ho He Bcex cnoeB b KOHC})HrypauHH 
CTonKH H36npaTenbHO Ann 0opMHpoBaHHR 
sneKTponpoBOAfltMHx n/nnn 
nonynpoBOAHHKOBbix CTpyicryp b KOHKpeTHOM 
Bbi6p3HHOM cnoe nnn cnonx 6e3 co3AaHHfl 
peaiqHH B ocTanbHbix cnonx, npnneM Ka)KAbi^ 
cnoH o6nynaK)T H3nyneHHeM c saAaHHOH 

HHTeHCHBHOCTbK) HnH MaCTOTHO^ 

xapaicrepHCTHKOH, aAanTHpoBaHHbiM k 
onpeAeneHHoi^ peaKunn MaTepnana Ha 
SHeprnio, o5ecnenHBaeMyK) H3nyHeHneM, h 
ocyu^ecTBnwiOT n pocTpa h ct Be h Hy io MOAynaijHio 
b Ka>KAOM cnynae comacHO onpeAeneHHOMy 
npoTOKony, KOTopbift npeACTaBnneT 3apaHee 
onpeAeneHHyio KOHqbHrypaL^HK) 
3neiaponpoBOA«iAnx n/nnn 
nonynpoBOAHHKOBbix CTpyicryp b 

paccMaTpnBaeMOM cnoe, nocpeACTBOM nero b 
OTBeT Ha SHeprviio, noAaHHyio H3nyMeHneM, 
cf)opMHpyioTCfl AByMepHbie sneiaponpoBOA^iMHe 
H/nnn nonynpoBOAHHKOBbje CTpyicrypbi b cnoe c 
KOHcfcHrypauHeH, 3apaHee onpeAeneHHon 
npoTOKonoM, nocpeACTBOM nero cpopMHpyiOT 
cocTaBHyio MaTpHi^y, o6pa30BaHHyio Ha5opoM 
OTAenbHbix coceAHHX cnoeB c AByMepHbiMH 
3neicrponpoBOA«iMMMH n/nnn 
nonynpoBOAHHKOBbiMH cTpyicrypaM A^fl 
nonyneHHw kom6hh3uhh sneKrponpoBOAfliM^x 
H/nnn nonynpoBOAHHKOBbix TpexMepHbix 
CTpyicryp. 

14. Cnoco6 no n. 13, OTnHHaioiAH^Cfl TeM, 
mto sneicrpoMarHHTHoe nsnyneHHe, 
Hcnonb3yeMoe Ana o6nyMeHHH, Bbi6npa»or H3 
OAHoro nnn 6onee cneicrpanbHbix Anana30HOB 
raMMa-H3nyMeHH«, peHTreHOBCKoro H3nyMeHHR, 
ynbTpa0HoneTOBoro H3nyMeHnq BHAHMoro 
cBeTa, HHcf)paKpacHoro nnn m h Kpo Bon h obo ro 
HanyMeHHfl. 

15. Cnoco6 no n. 13, omHMaK)iAH^Cfl TeM, 
mto H3nyneHHe MacTHq, ncnonb3yeMbix Ann 
o6nyHeHHH, Bbi6npaioT H3 oahoto nnn 6onee 
cneAyioiAHX rnnoB nacTHL^: sneMeHrapHbie 

MaCTHL|bl, BKniOHafl npOTOHbl, HeHTpOHbl H 

sneicrpoHbi; hohw, Moneicynbi h arperaTHbie 
MacTHi^bi MaTepnana. 

16. Cnoco6 no n. 13, omnHaiOLAHficfl TeM, 
mto npocTpancTBeHHyio MOAynfli4H»o H3nyMeHH« 
ocyiAecTBnflK>T b nnocKocTH, no cytAecTBy 
napannenbHo^ cnoio, nocpeACTBOM msckh, 
iua6noH KOTopo^ BbinonHnioT comacHO 
onpeAeneHHOMy npoTOKony, npnneM MacKa 
MOAynnpyeT HHTeHCHBHOCTb n/nnn 4)a3y 
naAaiomero Ha nee H3nyMeHHfl opn cx>3AaHH« 
kom6hh314hh AByMepHbix sneicrponpoBOAflLMHX, 
n/nnn nony n poboah h ko b bix CTpyicryp b cnoe. 

17. Cnoco6 no n. 13, omnHaioinHficfl TeM, 
mto npocTpaHCTBeHHyio MOAynflL^Hio H3nyMeHH« 
ocyiMecTBnfliOT b nnocKocTH, no cyiAecTBy 
napannenbHOH cnoK), nyTeM KOHi^eHTpai^HH 
H3nyMeHH« b nyn c pa3MepaMH, coBMecTHMbiMH 
c pasMepaMH sneiaponpoBOA^iMnx n/nnn 
nonynpoBOAHHKOBbix CTpyicryp, h ocyiMecTBnnioT 
cKaHHpoBaHne CTpyicrypbi MaTepnana 3thm 
nyMOM, KOTopbiH MOAynnpyioT no MHTeHCMBHOcru 
cornacHO onpeAeneHHOMy npoTOKony Anfl 
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0opMnpoBaHnn kom6mh3ljmm AByMepHbix 
sneicrponpoBOAWMX n/n^n 
nonynpoBOflHHKOBbix CTpyicryp b cnoe. 

18. Cnoco6 no n. 13, omMHaiOLUMfiCH TeM, 
hto oahh nnn 6one cnoeB Ana co3AaHMfl 
3/ieiaponpoBOA«iMHX m/wim 
nojiynpoBOAHMKOBbix CTpyicryp Bbi6npatoT nyTeM 
06/iyMeHMR Bbi6paHHoro cnoa hjim cnoeB 
najiyseHneM, MMeiomMM onpeAeneHHbie 
xapaicrepucTHKn M3nyneHMH mpm 3aAaHHyio 
MomHocTb, npuMew Bbi6paHHbift cnofi nnn cjiom 
ccfxDpMkipoBaHbi k>3 MaTepwana, KOTopbiPi 
pearvipyeT Ha OAHy nnv\ 6onee xapaicrepMCTMK 
HanyqeHun vtiunw Mou^HocTb n/in Ha nx 

KOM6MHai^MIO. 

19. Cnoco6 no n. 18, omnMajoiuMficfl TeM, 
hto b Ka^ecTBe ynowinHyTbix onpeAeneHHbix 

XapaKTepMCTMK Bbl6npaK)T MHTeHCMBHOCTb n/n/in 

nacTOTy. 

20. Cnoco6 no n. 18, ojnmaKtuxwftca TeM, 
hto oamh MnM 6onee cnoeB Ann co3AaHMH 

3JieiaponpoBOAniM MX n/nnn 
nonynpoBOAHMKOBWx CTpyicryp Bbi6npa»oT nyTeM 
o6nyHeHna sneicrpoMamMTHbiM n3nyMeHneM Ha 
AByx ujih 6onee nacTOTax miki b npeAenax AByx 
m/ih 6o/iee nonoc AnnH bojih, TaK . hto 
o6nyneHMe Ha AaHHOM nacTOTe hjim b AaHHOfi 
nonoce AnnH bohh Bbi3biBaer peaKUMio b oahom 
v\m 6onee, ho He bo Bcex cnoax. 

21. Cnoco6 no n. 19, OTJiHMaKXHHficfl reM, 
hto npeABapHTe/ibHo AoGaBnnioT OAHy hjim 
6onee npucaAOK, KOTopbie MMeiOT cneicrpanbHoe 
nomoiAeHMe Ha 3aAaHHofi nacTOTe mjim b 
3aAaHHOM AnanasoHe atimh bojih, b MaTepnan b 

OAHOM MflU OOJiee CJlOeB, HT06bl Bbl3BaTb 

peaKi^MJO Ha n3nyneHne Ha 3aAaHHoft nacTOTe 
nnn b 33AaHH0M A^ana30He AnMH bojih, b 
pe3yribTaTe nero, no MeHbiuefi Mepe, b AByx 
cnoax b KOHcfjurypamiki cTonKH ooecneHMBaiOTCH 
B33HMHO pa3fiMHaioii^necfl cneicrpbi 
nomoiueHUfl. 

22. Cnoco6 no n. 21, OTnMnaiOLAMMCfl TeM, 
hto 3/ieKTponpoBOA«U4Me m/mtih 
nonynpoBOAHUKOBbie cTpyicrypbi b cnoe 
qbopMMpyioT nyTeM nomoii^eHHW MsnyneHMH a 
npkicaAKe nnn npucaAKax b cnoe, o6pa3y»OLi^MX 

L^eHTpbl peaKUHH, KOTOpbie Bbl3blBaK)T 

u3MeHeHne b yAenbHOfi sneicrponpoBOAnoc™ 
kiriki pejKMMe npoBOAMMocTH MaTepwana cnoa. 

23. Cnoco6 no n. 21, ouiMHaioLAMtfcH TeM, 
hto aneKTponpoBOAfliUHe vtfmvi 
nonynpoBOAHUKOBbie CTpyicrypbi b cnoe 
cpopMMpyioT nyTeM nornomeHi/in n3nyneHMR b 
npucaAKe nnn npMcaAKax, b pe3ynbTaTe nero 
ocymecTBnneTCfl HarpeBaHne c nocneAyioiAHMM 
n3MeHeHMflMM b yAenbHOM aneicrponpoBOAHOCTM 
nnn pe>KMMe npoBOAMMoc™ MaTepMana 
HarpeBaeMoro cnoa. 

24. Cnoco6 no n. 13, OTnMHafomMfica TeM, 
hto aneicrponpoBOAHiUHe n/nnn 
nonynpoBOAHUKOBbie CTpyicrypbi qtopMnpytoT b 
AByx nnn 6onee cnoax b no3HLtn«x, rAe OAHa 
una 6onee ms sneKTponpoBOAflujMx n/nnn 
nonynpoBOAHHKOBbix CTpyicryp cornacHO 
npOTOKOTiy COOTBeTCTBeHHO QbopMMpyjoT oahh 
nnn 6onee BepTHKanbHbix aneicTponpoBOAfli^nx 
n/nnn nonynpoBOAHuiKOBbix KaHanoB b 
nonepenHOM HanpaaneHMH nepe3 enow b 
KOHcfcHrypaijuH CTonKH. 

25. Cnoco6 no n. 24, OTnuHajoiAHficn TeM, 
hto cornacHO npoTOKony 4>opMnpyioT 
aneKTponpoBOA«iAMe n/nnn 
nonynpoBOAHUKOBbie CTpyicrypbi, KOTopbie 
o6pa3yK)T BepTMKanbHbiw KaHan nepes enow b 
sneiaponpoBOAHiMeM n/wnn 
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nonynpoBOAHHKOBOM coeAHHennn c oaho8 nnn 
6onee AsywepHbiMM sneiaponpoBOAfliAHMM 
n/nnn nonynpoBOAHMKOBbiMn cTpyicrypaMU b 
stom cnoe. 

26. Cnoco6 no n. 25, OTnwHaKHAHficfl TeM, 
hto Kawwft KaHan QbopMnpyioT c 
sneiaponpoBOAHOcTbio nnn pe>KMMOM 
npoBOAMMOcTn, KOTopafl nocTO^HHa Ann 
pa3nnHHbix cnoeB. 

27. Cnoco6 no n. 25, 0TnnHaK)ii^M^c« TeM, 
hto Kaa<Abifi KaHan QbopMnpyioT c 

SneKTDOnpOBOAHOCTbK) HnH pe>KHMOM 

npOBOAHMOCTM, KOTOpafl M3MeHReTCfl OT cnofl K 

cnoK). 

28. Cnoco6 yHHHTO)KeHkifl KOM6nHaL^nn 
sneKTponpoBOAflu^nx n/nnn 
nonynpoBOAHMKOBbix TpexMepHbix CTpyicryp, 

CQt)OpMHpOBaHHblX B COCTaBHOfl MaTpMi^e, 

coAep>Kame^ ABa nnn 6onee MaTepnanoB, 
o6ecneneHHbix b npocrpaHCTBeHHo OTAenbHbix n 
OAHopoAHbix cTpyicrypax MaTepnanoB, npuneM 
MaTepnanw b OTBeT Ha noAany sHeprnn mop/t 
noABepraTbcn onpeAeneHHbiM qbn3MHecKviM 

M/HnU XMMMHeCKMM M3MeHeHMJ1M COCTOflHHH, 

KOTopbie Bbi3biBatOT nepexoA H3 sneiapunecKM 
HenpoBOAflmero cocTowHUfl b sneiapunecKM 
npoBOA^i^ee n/nnn nonynpoBOAHUKOBoe 
cocTOflH^e kinn Hao6opoT unw ki3MeHeHne 8 
pexuMe sneiapunecKoti npoBOAHMOCTM 
MaTepnana, npn 3tom Ka>KAan cTpyicrypa 
MaTepnana coa©P>kvit ccfx^pMnpoBaHHyio 
KOHqbMrypai^nio no cyujecTBy AByMepHbix 
3neKTporipoBOA«U4nx n/nnn 
nonynpoBOAHMKOBbix CTpyicryp, 
npeACTaBneHHbix onpeAeneHHbiM npoTOKonoM, 
npuneM KOM6nHai4H« sneiaponpoBOAninnx n/nnn 
nonynpoBOAHMKOBbix TpexMepHbix CTpyicryp 
MoxeT 6biTb cqbopMMDOBaHa 3anoBO b MaTpwi^e 
nocne yHMHTOxeHMfl c ncnonb30BaHMeM 
cnoco6a, no nioooMy M3 nn. 13-27 m cornacHO 
ApyroMy onpeAeneHHOMy npoTOKony An« 
AByMepHbix sneKTponpoBOAfliMwx n/nnM 
nonynpoBOAHMKOBbix CTpyicryp b Ka>KAoK 
CTpyicrype MaTepnana, OTnunaioLMMMCfl TeM, hto 
oonynaioT Ka>KAyio CTpyioypy MaTepwana 
M3nyneHMeM c 3aAaHH0M MHTencMBHocTbio n/nnM 

HaCTOTHOM XapaKTepMCTMKOM, COOTBeTCTByiOmMM 

onpeAeneHHo^ peaKi^nn MaTepMana Ha 
SHeprMK), noAaBaeMyio nsnyneHMeM, m 
ocymecTBnHKDT npocTpancTBeHHyio MOAyn^UMio 
M3nyneHMH b k3>kaom cnynae cornacHO 
npoTOKony, KOTopbiM npeACTaBnneT 
cqbopMMpoBaHHyio KOHC^Mrypai^Mio 
sneiaponpoBOAfliMeM n/MnM n ony n po bo ah m ko bo 
CTpyicrypbi b cooTBeTCTByiou^e^ CTpyicrype 
MaTepMana, nocpeACTBOM nero b OTBeT Ha 
SHeprMio, noAaHHyio MsnyneHMeM, yHMHTO>KaiOT 
AByMepHbie sneicrponpoBOA^LMMe M/kinM 
nonynpoBOAHMKOBbie CTpyicrypbi, 
npMcyTCTByiou^Me b CTpyicrypax MaTepMana, 
cornacHO npoTOKony, nocpeACTBOM Hero 
MaTepMan CTpyicrypbi MaTepMana nocne 3Toro 
nonHOCTbio nepexoAMT b sneiapMnecKM 
HenpoBOA«mee cocTOflHue. 

29. Cnoco5 no n. 28, OTnMHarcmMftafl TeM, 
hto sneicrpoMarHMTHoe M3nyneHMe, 
Mcnonb3yeMoe An« oOnyneHMR, Bbi6MpaioT M3 
oAHoro wnM 6onee M3 cneiapanbHbix 
AMana30HOB raMMa-M3nyHeHMn, peHTreHOBCKoro 
M3nyneHMR, ynbTpa0MoneTOBoro M3nyneHMR, 
BMAMMoro CBeTa, MHqbpaKpacHoro unM 

MMKDOBOnHOBOrO M3nyHeHHfl. 

30. Cnoco6 no n. 28, oTnMHaioiAM^Cfl TeM, 
hto M3nyneHMe nacTMU, Mcnonb3yeMbix Ana 
oonyneHMR, Bbi6Mpa»OT M3 OAHoro unM oonee 
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cneflyiomnx TunoB MacTHLj: 3/ieMeHTapHbie 
MacTni4bi ( BKnicwafl npoTOHbi, HeiVrpoHbi m 
aneiapoHbi; uohw, MOJieKyjibi n arperaTHbie 
MacTni^bj Maiepnana. 

31. Cnoco6 no n. 28, OTnuHatomHflca TeM, 
mto npocTpaHCTBeHHyio MOAynaijMio H3nyMeHHR 
ocymecTannioT b rinocKOCTU, no cyu^ecTBy 
napanne/ibHofi cipyioype MaTepwana, 
nocpeflCTBOM Maciai, iua6noH KOTopofi 
BbinojiHHiOT comacHo onpeAe/ieHHOMy 
npoTOKony, npuneM Macica MOflynvipyeT 
MHTeHCMBHOCTb h/hjiw cfca3y naAaiomero Ha Hee 



pa3pyiueHkifl 
n/nnn 

CTpyicryp b CTpyicrype 



ManyMeHUfl Ana 
3/ieiCTponpoBOAfliMHX 
no/iynpoBOflHHKOBbix 
MaTepwaJia. 

32. Cnoco6 no n. 28, onwMaiomMfiCH TeM, 
mto npocTpaHCTBeHHyio MOfly/iwquto M3/iyMeHHfl 
ocymecTBJiwioT b onocKocTn, no cymecTBy 
napaJvienbHoft CTpyicrype MaTepuana, nyTeM 
KOHi^eHTpai^MM n3fiyMeHWfl b nyM c pa3MepaMM, 
coBMectHMbiMn c pa3MepaMH 
3JieKTponpoBOAflLUMX h/wjih 
nonynpoBOAHMKOBbix CTpyicryp, n o6ecneMHBaioT 
CKaHnpoBanne cipyicrypbi MaTepnana stum 
nynoM, KOTopbiii MOAy/wpyioT no mht©hchbhoctm 
cornacHO onpefleneHHOiviy npoTOKony Ann 
yHMMTO>KeHnw aneKTponpoBOAflLM^x n/nnn 
nonynpOBOAHMKOBbix CTpyicryp b CTpyicrype 
MaTepna/ia. 

33. Cnoco6 no n. 28, omma\o\i\mcn tqm, 
mto cTpyioypbi MaTepnana b MaTpMije 
cpopwHpyiOT tohkhmm c/ioflMn b KOHcf)nrypai4nn 
cronKM, npM 3tom M36npaTeribHO o6JiynaK)T oahh 
hjim 6onee, ho He KawAbifi ctiom b KOHc^nrypaunn 
CTonKM Ann yHWHTOMceHUH snetaponpoBOA^^x 
w/wnn nonynpoBOAHUKOBbix crpyicryp b 

KOHKpeTHOM Bbl6paHHOM CJlOe HJ1M CJIOHX, 6e3 
C03AaHMfl peaKL^MM B OCTa/lbHblX CJ10HX. 

34. Cnoco6 no n. 33, ojnma)ou\^C9\ TeM, 
hto oahh win 6onee anoeB Ann pa3pyweHKH 
s/ieicrponpoBOAfliMMX n/win 
no/iynpoBOAHUKOBbix CTpyicryp Bbi6npaK>T nyTeM 
o6nyHeHMfl Bbi6paHHoro cnoa win cnoeB 
n3JiyMeHneM, MMeiou^nM onpeAeneHHbie 
xapaKrepMCTHKM M3nyMeHHR win 3aAaHHyio 

MOUJHOCTb, npHMeM Bbl6paHHblM cnofi WW CJ10H 

0opMnpyK)T H3 MaTepnana, KOTopwfi pearnpyeT 
Ha OAHy win 6onee M3 xapaKTepncTwc 

H3JiyMeHHfl n/WW MOLi\HOCTb WM Ha nx 
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KOM6MHai^MK). 

35. Cnoco6 no/iHoro yHMMTO>KeHnn 
KOM6uHai4Un sneiapuMecKM npoBOAfliunx n/ww 
no^ynpoBOAHHKOBbix TpexMepHbix crpyicryp b 
cocTaBHofl MaTpntje, coAepwamefl ABa win 
6onee MaTepnanoB, o6ecneMeHHbix b 

npOCTpaHCTBeHHO OTAe/lbHblX H OAHOpOAHbtX 

CTpyicrypax MarepnajioB, npnneM MaTepnanbi b 
OTBeT Ha noAany 3Heprnn MoryT noABepraTbca 

C})H3HMeCKV1M n/WW XHMHMeCKMM H3MeHeHMflM 

cocTo^HHfl, KOTopwe BbiswBajoT nepexoA H3 
sneiapumecKH HenpoBOAfltMero coctowhuh b 
sneicrpymecKH npoBOA«iMne h/mtim 
nonynpoBOAHMKOBoe cocTOAHne hjih Hao5opoT 
h/hjim M3MeHeHne b pewHMe sjieiapumecKoft 
npoBOA^MocTM MaTepnana, npn stom 
KOM6nHaunfl sneiaponpoBOAHiAHX n/nnn 
nonynpOBOAHMKOBbix TpexMepHbix CTpyioyp b 
M3MepeHMflx MOxeT 6biTb cct>opMnpoBaHa 
3aHOBo b MaTpnue noc/ie yHMMTOKeHUfl c 
Mcno/ib30BaHneM cnoco6a no n»o6oMy H3 nn. 
13-27 h comacHo ApyroMy onpeAeneHHOMy 
npoTOKony Ana AayMepHbix 
3/ieiaponpOBOA«iMnx h/mjih 
nonynpOBOAHMKOBbix CTpyicryp b K3>kaoW 
CTpyioype MaTepna/ioB, OT/ikmaiomnMCH TeM, 
mto o6nyMaioT MaTpvmy mo6a/ibHO n3JiyMeHneM 

C 3aAaHHOM MHTeHCklBHOCTbK) M3CT0TH0M 
XapaKTepMCTHKOM, COOTBeTCTByKJimiM 

onpeAeneHHOM peaKi^nn MaTepna/ia Ha 
sHeprviio, o6ecneMMBaeMy»o n3/iyHeHneM ao Tex 
nop, noKa MaTepnan b MaTpni^e b OTBeT Ha 
SHepruK), noAaHHyio o6nyHeHneM, noriHOCTbio He 
nepeftaeT b sneiapHMecKM HenpoBOA^mee 

COCTOflHUe. 

36. Cnoco6 no n. 35, oTjinnaiOLUkitfcfl TeM, 
mto 3/ieKTpoMarHHTHoe n3nyMeHne, 
ncnonb3yeMoe Ann o6nyMeHnn, Bbi6npaioT H3 
oAHoro Hnn 6ojiee M3 cneiapajibHbix 
Anana30HOB raMMa-MsnyMeHHfl, pe HTre h obcko ro 
Ms/iyMeHHH, yjibTpaqbMoneTOBoro HsnyMeHun, 
BMAHMoro cseTa, nHc|)paKpacHoro nnn 

MMKpOBOflHOBOrO H3nyMeHHR. 

37. Cnoco6 no n. 35, OTnMMaK)LMMt4Cfl TeM, 
mto n3nyMeHne MacTui^, McnoribsyeMbix Ann 
o6nyMeHHfl, Bbi6npaK>T H3 OAHoro mvi 6onee 
cneAyioLAUx TunoB MacTui;: sneMeHTapHbie 

MaCTMl^bl, BKTIIOMafl npOTOHbl, He^TpOHbl H 

sjieicrpoHbi; hohw, Moneicy/ibi h arperaTHbie 
MacTHi4bi MaTepnaria. 
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ycnoBHwe o5Q3HaMeH yia Ha Meprettax 

r I H30/lMPyK3U|l4M 



3ATBOP 




noJiynpOBOAHUKOBbM 
nonynpoBOflHUKOBbiti p-TtinA 

nojiynpOBOj3HHKOBbii?t n-mnA 

nPOBOflfllllHR, 3/IEKTPOAbI 



no/iEBOti won- 

CTOK TPAH3WCTOP n-KAHAJlA 
I (NMOH) 

1 P — nOAJ10)KKA 

MCTOK 



nOJIEBOtf Mon- 
CTOK TPAH3HCTOP p-KAHAJlA 

(PMon) 



3ATBOP 



rOPH30HTAJ1bHAH H BEPTUKATIbHAfl 
nPOBOflflmAfl AOPOKKA 
(A - BBEPX; V - BHH3) 



UCTOK 



no/yio>KKA 
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